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ABSTRACT 
The present study investigates the effectiveness of two phonetic training 
approaches, the High-Variability Phonetic Training (HVPT) approach and the 
Low-Variability Phonetic Training (LVPT) approach, on the modification of the 
perception and production of English vowels /e/ (as in bed, said, and pet) Ixl (as in bad, 
sad and pat) among a group of Cantonese-speaking secondary school students. By 
adopting a pretest-treatment-posttest design with supplementary generalization tests, 17 
subjects were trained under the HVPT approach while 24 were trained under the LVPT 
approach for 10 training sessions. Another 23 subjects served as the control group and 
did not take part in any training. In the pretest phase, all the subjects produced a list of 
words with the two target vowels. They then identified one of the counterparts of the 
/e/-/ae/ minimal pair in the perception test. Both statistical and acoustic analyses showed 
that the subjects generally confused the two vowels in both perception and production. 
All the trained subjects only received perceptual training, which was a 
two-alternative forced-choice identification test with immediate feedback. The subjects 
had to identify the vowel (either /e/ or /ae/) from a list of words after listening to each 
4 
token. The difference between the training approaches of the two groups were that a set 
of perceptual training stimuli produced by six native speakers of English were utilized 
in the HVPT while the same set of words produced by only a single native speaker was 
adopted in the LVPT. Both training approaches were effective in improving the subjects' 
perception of the two vowels, while those trained under the HVPT approach showed 
even more improvement. Perceptual learning could also be generalized to new words 
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and new speakers. 
As for the transfer of perceptual learning to the production, the trained subjects 
improved significantly from the pretest to the posttest and the HVPT group also 
outperformed the LVPT group. The formant frequencies and durations of the vowels 
produced by the trained groups after the training were also found to be closer to 
native-like productions. However, although the number of target productions in the 
generalization test of production at the sentence-level (passage reading) was high, no 
significant difference was found across groups. 
All these findings imply that training in perception alone appeared to be useful for 
improving both the perception and production of the non-native contrast among the 
subjects. This research not only fills the research gap in the English vowel training 
studies in a Hong Kong context, but also offers preliminary empirical support to the 
theoretical issues related to cross-language vowel training, second language acquisition 
and the link between speech perception and production. 
Keywords: speech perception and production, High-Variability Phonetic Training 
(HVPT), L2 vowel perception, non-native phonemic contrast, Cantonese learners of 
« 
English 
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摘要 
本Ml文旨在研究兩種語音訓嫌法-「高度變異語音訓練法J及「低度變異睡 
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CHAPTER 1 
INTRODUCTION 
Second language (L2) learners who have passed the hypothesized critical period 
for language acquisition are well-known as having immense and foreseeable difficulties 
in the perception and production of some non-native phonemic contrasts, as the acoustic 
patterns of the categories in the first language (LI) dominate and the L2 learners' 
phonetic systems are said to have been "fossilized" (Best, 1995; Bradlow, 2008; Flege, 
1989; Lambercher, Martens, Kakehi, Marasinghe & Molholt, 2005; MacKain, Best & 
Strange, 1981; Major, 1987). The "re-tuning" and "shifting" from the prosodic 
monolingual system of the LI to a two-way interactive phonological system of the LI 
and L2 will thus be a challenge for adult or late L2 learners, who have become 
language-specific receivers (Bohn, 1998; Bradlow, 2008; Iverson, Kuhl, 
Akahane-Yamada, Diesch, Tohkura, Kettermann & Siebert，2003; Lambacher et al., 
2005; Polka, 1992; Strange, 1995). The fact is that no matter how communicable, 
advanced or linguistically experienced they are in the ambient language, adult L2 * 
learners are usually characterized by their accented phonological patterns or even 
mispronunciation of some phones in the L2 (Flege, Mackay, & Meador，1999; Munro, 
Flege, & Mackay�1996; Wang, 2002). 
This discouraging situation has raised the attention of more linguists over the last 
two decades. Hence, non-native training programmes focusing particularly on the 
perception and production of L2 sounds have been devised and have shown to be 
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effective, as shown in prior studies (e.g. Bradlow, Akahane-Yamada, Pisoni & Tohkura, 
1999; Iverson & Evans，2009; Logan, Lively & Pisoni, 1991; Logan & Pmitt，1995; 
Pisoni & Lively, 1995; Wang, 2002). The results in these training studies have 
confirmed that through using auditory training approaches under laboratory conditions, 
there exists the possibility of the re-matching of the phonological system of the L2 
learners from a monolingual to a bilingual system. The L2 learners in the studies 
generally improved both/either in perception and/or production of the non-native 
phonetic contrasts. 
Different phonetic training approaches have been utilized and studied for different 
purposes and with subjects with different language backgrounds. One paradigm called 
the High-Variability Phonetic Training (HVPT) approach, which advocates the use of 
natural and high-variability stimuli in various phonetic contexts produced by multiple 
speakers, was firstly adopted in Logan et al.'s (1990) research. It is said to be a more 
effective approach among all others in the last two decades and has shown success in 
improving L2 learners' perception and production of non-native sounds, such as the 
production of non-native contrast in consonants or voice onset time duration (e.g. Lively, 
Logan & Pisoni, 1993; Lively, Pisoni, Yamada, Tokhura & Yamada, 1994; Logan et a l , 
1991; Rochet, 1995) or vowels that pose difficulties for the L2 learners (e.g. Lambacher 
et al., 2005; Wang, 2002). 
Due to the dissimilarities in the phonemic inventories of English and Cantonese, 
Cantonese-speaking learners of English also find difficulties in the acquisition of some 
vowels that appear only in English. The current research thus attempts to extend and 
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modify previous experiments through investigating the perception and production 
performance of several groups of Secondary 6 students with different proficiency levels 
and exploring ways to a more successful acquisition of the non-native vowel contrast /e/ 
(as in bed, said, and pet) and /ae/ (as in bad, sad and pat), through the HVPT approach. 
Another approach, the Low-Variability Phonetic Training (LVPT) approach, which does 
not involve the use of high-variability stimuli, will be a target of comparison of 
effectiveness with the HVPT. The present study also explores the effect of perception 
training on the subjects' production of the phonological segments, which are common 
difficulties among Hong Kong Cantonese learners of English, no matter whether they 
are advanced learners of English or not. The subjects' English proficiency is also a 
factor under investigation as previous research mainly focused on researching on 
subjects with high English proficiency, ignoring the effectiveness of the training 
approaches among learners with low English proficiency. The present study also fills 
the research gap in the phonetic training field since there has not been any study using 
the HVPT for training L2 speech perception and production in Hong Kong. 
The thesis consists of six chapters and is structured as follows. Chapter 2 is an 
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overview of the current theories and empirical studies on L2 speech learning, 
particularly in speech perception and production. Results in cross-language studies 
using the HVPT approach in training non-native consonant and vowel contrasts are 
summarized. A short description and comparison of the vowel systems of English and 
Cantonese is also given. Relevant studies which investigated the L2 vowel system of 
some Cantonese-speaking English learners are also presented before closing the chapter 
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by presenting the pilot study results done prior to the main study. 
Chapter 3 presents the research methodology adopted in the present research. It 
includes the recruitment procedures and the grouping method of the subjects, the 
structure of the experiment, the production process of the training stimuli and the test 
tokens. The data transcription method and reliability checking are also discussed as 
well. 
Chapter 4 reports on all the data obtained from the experiment. Besides giving 
straightforward scores and percentages of the subjects' performance, different statistical 
analyses were also run to verify the validity and significance of the research findings. 
The analyses are displayed and elucidated with extensive illustration of tables and 
figures. A report on the selective acoustic analysis on the production of the subjects is 
also given. 
Chapter 5 discusses all the research findings in all perception and production tests. 
This chapter is organized according to the research questions raised in Chapter 2. 
Thorough discussions and justifications of the subjects' performance are presented with 
support and reference to earlier studies and theories. 
I « 
Chapter 6 concludes the whole thesis by giving an overview of the present study. 
Contributions and implications of the study are also pointed out. Limitations found in 
the study are also discussed in this chapter. Finally, future research directions are 
suggested and summarized as well. 
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CHAPTER 2 
LITERATURE REVIEW 
2 . 1 PHONOLOGY IN SECOND LANGUAGE ACQUISITION 
The Critical Period Hypothesis (CPH) hypothesizes why many second language 
(L2) learners encounter continuous frustrations and failure in the acquisition process of 
the L2. Firstly proposed by neurologists Penfield and Roberts in 1959 and later 
popularized by Lenneberg in 1967 to explain first language acquisition (FLA), the CPH 
states that the maturation and lateralization of the brain results in fossilization in 
acquiring a language since the ideal and crucial "window" of time for language 
acquisition has nearly ended (Lenneberg, 1967). This ideal period of time for is called 
the critical period, "a period during which language can be acquired more easily than at 
any other time" (Richards, Piatt and Piatt, 1992, p.92). 
In the mid 1970s, this hypothesis was further extended to the investigation of 
second language acquisition (SLA), especially in L2 phonological acquisition 
(Pennington, 1998). As hypothesized in the CPH, due to the critical period, most adult ^ 
L2 learners retain an obvious and noticeable accent despite having acquired a 
reasonable proficiency level of the language in general (Oyama, 1976). However, the 
CPH received challenges from its opponents as it lacked a reasonable account and 
explanation of L2 learners' difficulties, such as in acquiring the sound system (e.g. 
Flege, 1992; Long, 1990). Long (1990) pointed out that language interference or 
negative LI transfer is a more plausible reason for learners' problems, as the loss of 
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plasticity will not be a sudden and one-time effect on the barrier of learning phonology. 
Nonetheless, it is found from a lot of research findings that there is a continuous decline 
in the ability to leam a language with age, making the L2 phonological acquisition more 
difficult for adult L2 learners (Bialystok & Hakuta, 1994). 
Some linguists then adopted a more systematic study of two languages in terms of 
their linguistic differences and similarities - Contrastive Analysis (CA) - to explain the 
difficulties in mastering some structures in an L2. CA was used extensively in the 1960s 
and early 1970s. It suggests that L2 learners' difficulties and errors are attributed to LI 
transfer only, meaning that the extent of successful L2 learning is highly dependent on 
the structural similarity of the LI and L2 (Lado, 1957; Lee, 1968). Notwithstanding the 
increasing criticisms on CA in the late 1970s due to the lack of empirical evidence, LI 
transfer has still remained as an explanatory variable in SLA nowadays. 
However, other theories and propositions, such as the notion of universal 
development, which concerns the notion of markedness in the study of phonology, also 
drew linguists' attention. The Markedness Theory was firstly proposed by Trubetzkoy, a 
leading linguist in Prague School around 1920s to 1930s. This theory states that LI 
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transfer is not the sole factor affecting the acquisition process, but the features of the 
language itself and the universals can be attributive (Eckman, 1977). Some scholars 
focused on the interaction between language transfer and developmental factors 
(Hacin-Bhatt & Bhatt�1997; Major, 1998). No matter what foci they adopted, all the 
above theories and propositions focused on the underlying reasons behind the difficulty 
in SLA and were based on the results of production solely, overlooking that speech 
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production can be considered as a process, which involves also speech perception. 
Many researchers (e.g. Ferguson & Macken，1980; Hewlett, 1990) have noted that 
speech production is a process (rather than a product) comprising different phases: 
perceptual, programming, processing and execution levels. Empirical studies of 
cross-linguistic perception and production in recent decades have brought about more 
research insights and understanding of adult L2 speech learning problems. Some of 
them focused on non-native consonant contrasts (e.g. Bradlow, Akahane-Yamada, 
Pisoni & Tohkura, 1999; Bradlow, Pisoni, Yamada & Tohkura, 1997; Lively, Logan & 
Pisoni, 1993; Lively, Pisoni, Yamada, Tokhura & Yamada, 1994; Logan, Lively & 
Pisoni, 1991; Yamada, 1999) or non-native place of articulation contrasts (e.g. Polka, 
1991, 1992; Werker & Tees，1983，1984). Some were about L2 vowel perception (e.g. 
Escudero, 2005; Ingram & Park，1997; Lambacher, Martens, Kakehi, Marasinghe & 
Molholt, 2005; Pallier, Colome & Sebastidn-Gall权 2001; Polka, 1995; Rochet, 1995). 
Relevant studies to the present investigation will be discussed in detail in later sections. 
From these studies, a number of factors are believed to be influential to L2 speech 
learning, for instance, assimilation of L2 segments to LI, age of learning, L2 experience, 
etc., among which a great body of these studies (e.g. Best & Tyler, 2007; Flege, 2003; 
Kuhl, 2008) examined the nature of perceptual assimilation and this notion has been 
characterized in more than one way when theoretical models were hypothesized. 
In the following section, three most influential frameworks namely the Speech 
Learning Model, the Perceptual Assimilation Model and the Native Language Magnet 
Model (and its expanded version) by a) Flege (1991, 1995b, 1999, 2002, 2003), b) Best 
I： 
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(1994a, 1995), Best, McRoberts & Goodell (2001), Best, McRoberts & Sithole (1988), 
Best & Strange (1992), and Best & Tyler (2007) and c) Grieser & Kuhl (1989), Kuhl 
(1991，1992，2000b), Kuhl & Iverson (1995) and Kuhl, Conboy, Coffey-Corina, Padden, 
Rivera-Gaxiola & Nelson (2008) respectively, will be discussed. All of these models are 
believed to be successful in predicting L2 learners' difficulties in the perception and 
production of L2 segments and explaining the influence of the LI on the acquisition of 
L2 phonology. These models have also highlighted the subtle relationship between 
perception and production, as shown in some empirical studies which support the claims 
and propositions of the models. Since the present study investigates speech perception 
and production and the relationship of both, these models are of high relevance. 
2 . 2 MODELING SPEECH PERCEPTION 
2 . 2 . 1 SPEECH LEARNING M O D E L 
Flege's Speech Learning Model (SLM; Flege, 1991，1995b, 1999，2002, 2003) is 
built based on the systematic similarities and differences found between the sounds in 
the L2 and LI systems. The purpose of this model is to account for how L2 learners, 
particularly the experienced ones, fail or succeed in learning to perceive and produce L2 
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phonetic segments. The SLM describes the phonological acquisition of an LI as a 
bottom-up process and L2 as a top-down process, which predicts that foreign sounds 
will be poorly perceived and produced if the phonetic differences that distinguish 
contrasting foreign sounds do not distinguish contrasting native sounds, implying that 
L2 speech accents are perceptually-based and that perceptual accuracy can limit the 
production performance. As a result, successful L2 phonological acquisition can be 
PERCEPTION AND PRODUCTION OF ENGLISH VOWELS 3 5 
obtained only when correspondences between the phonetic systems of the LI and L2 
have been established. Also, it is believed that the phonetic segments that make up both 
the LI and L2 phonetic subsystems exist in a common phonological space, hence the 
phonetic categories of the LI and L2 interact and interference is bidirectional (Flege, 
2005; Flege & MacKay�2004). The SLM, as a dynamic model, also points out that L2 
speakers will become more able to perceive and produce a foreign phonetic difference 
when they encounter it for a long time and begin early in life. Speech-learning 
mechanisms are hence posited as intact across the life span and that early L2 learners 
have advantages over late learners due to the fact that L2 categories are affected when 
LI categories are developing with age (Flege & MacKay�2004; Hazan & Barrett, 2000; 
Lee, Potamianos & Narayanan, 1999). Changes in the perception and production of 
native sound differences may also result if the encounter with foreign sound contrasts is 
early in life and long. 
There are in total four hypotheses stated in the SLM. They are: 
Hypothesis 1. The greater the perceived dissimilarity of an L2 sound from the closest 
LI sounds, the more likely a new category will be formed for the L2 
sounds. These L2 sounds are called "new" sounds. 
Hypothesis 2. Category formation for an L2 sound becomes less likely through ‘ 
childhood as representations for neighboring LI sounds develop. 
Hypothesis 3. When a category is not formed for an L2 sound because it is too similar 
to an LI counterpart, the LI and L2 categories will assimilate, leading to 
a "merged" L1-L2. These L2 sounds are called "similar" to LI categories 
and will pose more difficulties because "equivalence classification" 
interferences with the establishment for similar phones. 
Hypothesis 4. When a new category is established for an L2 sound, it may dissimilate 
from a neighboring LI and/or L2 sound — and vice versa - to preserve the 
phonetic contrast. 
The 1994 version of the SLM posits that perceived L1-L2 phonetic dissimilarity 
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should be regarded as a continuum but not strict tripartite identical-similar-new division, 
hence it also helps predict L2 learners' difficulties in three more general ways: 
i When category formation is blocked, LI and L2 categories will assimilate: L2 
sounds will continue to resemble LI sounds whereas LI sounds will begin to 
resemble L2 sounds. 
ii When a new category is formed for an L2 sound, it and/or the nearest LI sound 
may dissimilate. 
iii Children are more likely to form phonetic categories for L2 sounds than adults. 
However, even adults retain the capacity to form new categories. 
Some studies have provided empirical support for the SLM. Flege (1987) 
investigated native English speakers' production of French phones. It was found that 
French phone /y/ which was more dissimilar ("new") from English phones was more 
accurately produced than "similar" phones such as /u/ and /t/，in line with the SLM's 
hypothesis that "similar" L2 sounds are more difficult to be developed into a novel 
phonetic category. Also, Bohn and Flege (1990, 1992) showed that experienced L2 
learners had developed more native-like perceptual patterns of L2 vowels than less 
experienced ones, confirming that earlier experience of L2 benefits the learners in terms 
of perceptual category development. 
Nevertheless, the SLM was challenged and criticized due to the lack of clear 
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distinctions for the classification of “similar” and "new" sounds: how "similar" and 
"new" a sound in the L2 is to the LI is not clear (Ingram & Park, 1997). Also, some 
studies which totally or partly disagreed with the SLM's prediction of the ease of L2 
segment production (e.g. Guion, Flege, Akahane-Yamada & Pruitt, 2000; Munro, Flege 
& MacKay, 1996) could not be explained. Hence, Flege (1995b) used the term 
"perceived phonetic distance" to mean that the degree of success listeners have in 
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perceiving non-native sounds is based on how much the learner can perceive the 
phonetic difference between LI and L2 sounds. The emphasis on the learner can offer 
better explanations for individual learner differences among the same LI group. 
Worth noting is that the SLM mainly predicts and accounts for difficulties in L2 
speech learning across life and especially for experienced L2 learners. Although some 
studies (e.g. Guion et al., 2000; Lengeris, 2009) reported that the SLM cannot account 
for the difficulties for L2 learners at early acquisition stage without any revision, its role 
as a dynamic model that focuses on L2 learning and the relationship between perception 
and production has already provided a good theoretical ground for predicting and 
explaining many L2 speech problems. Such predictions of a link between speech 
perception and production have already distinguish the SLM from a similar perceptual 
assimilation model which is a pure perception model, Best's Perceptual Assimilation 
Model. 
2 . 2 . 2 PERCEPTUAL ASSIMILATION MODEL 
Originally proposed by Best and her colleagues to explain LI listeners' perception 
of non-native sounds, the Perceptual Assimilation Model (PAM; Best, 1994a, 1995; 
Best et al., 2001; Best et al , 1988; Best & Strange, 1992; Best & Tyler, 2007) was ‘ 
extended to predict and justify the levels of difficulty that L2 learners have in 
differentiating L2 segments, based on the assimilation of L2 segments to LI segments. 
The PAM is proposed on the basis of direct realism (see 2.3.2 for details) and perception 
of non-native contrasts is based on the degree of articulatory or gestural similarity of the 
L2 sounds to LI phonetic categories. Best used specific taxonomies to explicate and 
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predict how well listeners will discriminate different foreign sounds from one another, 
going beyond simply one-to-one comparison of the LI and L2 sounds. 
These are the possible assimilation types and their specific predictions: a) 
Two-Category assimilation (TC) means the assimilation of two L2 sounds is in contrast 
to two distinct native sounds, in which the discrimination is excellent; b) Single-
Category assimilation (SC) means that the two L2 sounds in contrast are only 
assimilated to just one native sound, either equally well or poor, and hence the 
discrimination is predicted to be poor; c) SC assimilation is further categorized as 
sounds assimilating equally to the single native category and those in which one 
assimilates far more than the other. These two types of assimilations are said to differ in 
Category Goodness (CG) with reference to the native category, and discrimination is 
predicted to range from moderate to good; d) Uncategorized-Categorized assimilation 
(UC) means that one counterpart of the L2 contrast is uncategorized while the other is 
categorized and is predicted to have good discrimination; e) Uncategorized-
Uncategorized assimilation (UU) means the two L2 sounds in contrast cannot be 
categorized and discrimination varies from fair to good based on how similar the two 
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L2 sounds are to each other and the native sounds; f) Non-Assimilable (NA) pattern is 
found when non-native sounds are perceived as non-speech sounds and the 
discrimination is predicted to be very good. 
Concerning the only three assimilation patterns where the non-native contrasts can 
assimilate to native phonemes, i.e. TC, CG, and SC, it is predicted that L2 learners' 
success in distinguishing different L2 sounds will be ranked TC > CG > SC, with CG 
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performance varying between TC and SC performance depending on the degree of 
Category Goodness between the L2 sounds perceived. 
There have been some studies supporting the PAM. For instance, Best and Strange 
(1992) investigated the assimilation patterns of a group of Japanese speakers of English. 
A case of TC assimilation was found, where American English consonant /w/ and /j/ 
could be assimilated to Japanese /w/ and /j/ accordingly. Best et al. (2001) examined a 
group of American English speakers' discrimination and identification of several Zulu 
contrasts, such as ejective velar stops with plosive. It was found that the subjects' 
identification of contrasts followed the predicted assimilation pattern order: TC > CG > 
SC. Nagao, Lim and de Jong (2003) tested a group of Japanese listeners' identification 
of English syllable structures and voicing. The PAM accurately predicted their 
performance and was said to be able to apply in SLA at the prosodic level. 
Both the SLM and the PAM are models that hypothesize that perceptual 
assimilation of L2 segments to,LI sounds plays the main role in accounting for L2 
speech problems. The last model in discussion of this part will be Kuhl's Natural 
Language Magnet Model (and its expanded version), which differs from both the SLM 
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and the PAM in terms of the representation of a phonetic space. 
2 . 2 . 3 NATIVE LANGUAGE MAGNET M O D E L (AND ITS EXPANDED VERSION) 
The Native Language Magnet Model (NLM; Grieser & Kuhl, 1989; Kuhl, 1991, 
1992, 2000b; Kuhl & Iverson, 1995; Kuhl et al” 2008) was proposed by Kuhl and her 
colleagues. The NLM posits that human's speech perception develops from a 
language-general perceiver (infancy) to a language-specific perceiver (adulthood). In 
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this model, it is stated that native language categories are prototypes and infants develop 
these prototypes for native categories. The phonetic properties that define a certain class 
of category will be an essential "space" in the NLM, as they will be the dimensions that 
each prototype will occupy. For instance, the vowel space is defined by the vowel's 
formant frequencies. The prototypes are analogized as "magnets" since tokens near a 
prototype will be drawn perceptually to it, similar to the magnetic effects. The 
prototypes' locations are also posited as fixed and the L2 and LI sounds are all drawn to 
these prototypes as a function of their distance from them in the phonetic space. More 
distant L2 or foreign sounds will assimilate to another prototype if they are closer to it, 
or do not assimilate if there is no nearby prototype. 
Based on a number of empirical evidence, a recent revised version of the NLM 
(Kuhl et al., 2008), called the Native Language Magnetic-expanded model (NLM-e), 
provides five principles that guide the model. They are: 
i. Distributional patterns and infant-directed speech are agents of change. 
This principle points out how exaggeration of relevant phonetic differences in 
infant-directed speech facilitates infants' speech learning, as compared to 
adult-directed speech (Liu, Kuhl & Tsao, 2003). 
, ii. Language exposure produces neural commitment that affects future learning. « 
The concept of native language neural commitment (NLNC) is proposed in this 
principle. It argues that a learner's neural networks for language encoding become 
committed to the LI patterns and this commitment affects the learner's ability to 
leam the phonetic schemes of a new language, due to the physical changes of the 
neural tissue (Kuhl, 2000a, b, 2004). 
iii. Social interaction influences early language learning at the phonetic level. 
Social interaction and contact promote and enhance infant's speech learning, 
especially in complex language learning situation (Kuhl, Tsao & Liu, 2003). 
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iv. The perception-production link is forged developmentally. 
Through experience with language and vocal imitations, strong linkages between 
the perceptual representations and production can be built. This connection is 
developmental in nature and is formed based on perceptual experience and a 
learned mapping between the two domains (Kuhl & Meltzoff, 1982, 1996). 
V. Early speech perception predicts language growth. 
This principle states that infants' native and non-native perceptual abilities in 
discriminating phonetic contrasts are early predictors of future language 
development (Tsao, Liu & Kuhl, 2004). 
The NLM-e also made several predictions of phonetic development: a) Early 
bilingual language experience will not have as much as interference on L2 phonetic 
learning than those learning 12 late (Kuhl et al , 2003); b) Social contexts and 
interaction in natural settings promote more durable, robust and potent L2 speech 
learning (Kuhl et al., 2003; Kuhl et al., 2008); c) The role of neural commitment to the 
LI phonetic categories is a potential mechanistic cause of the critical period 
phenomenon and experience rather than time which determines the phonetic learning 
and perception of an L2 (Kuhl, Conboy, Padden, Nelson & Pmitt, 2005). 
The NLM (and the NLM-e) is different from the SLM and the PAM in the 
conceptual representation that the locations of prototypes stated in the NLM are fixed in 
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the phonetic space. Also, in the SLM and the PAM, sounds are said to be different from 
one another in one or more constituent gestures or phonetic properties, and they do not 
rely on any spatial representation. The NLM also predicts learners' difficulties by 
stating that there can be discriminability differences between different instances of the 
same foreign contrast. The expanded version of the NLM also highlights the importance 
of social interaction and language experience in successful L2 speech learning and 
V 
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proposes that the perception-production link is developmental, but the SLM and the 
PAM do not emphasize these aspects. 
2 . 3 LINKING UP SPEECH PERCEPTION AND PRODUCTION 
The SLM, the PAM and the NLM are influential models which put more emphasis 
in speech perception. Yet, L2 learners expect to gain success in both perceiving and 
producing the phonological segments of L2 but not just in the perceptual aspect. Hence, 
the relationship between speech perception and production is also of high interests 
among linguists in the investigation of psycholinguistics and L2 speech learning. 
Empirical studies which have investigated the relationship between the two parameters 
are fairly limited, and the results are usually inconsistent (e.g. Bradlow et al., 1997; 
Bradlow et a l , 1999; Frieda, Walley, Flege & Sloane，2000; Sheldon & Strange, 1982; 
Wang, 1997; Wang & Mimro，1999). However, although the direct link between speech 
perception and production is not clear, results of previous studies still imply a subtle 
link between the two parameters, and it is what draws the interest and attention of a lot 
of researchers. 
Theories describing the relationship between speech perception and production have 
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also been proposed, among which the revised version of the motor theory (Liberman, 
1991; Liberman & Mattingly, 1985), the Direct Realist approach to speech perception 
(e.g. Best, 1995; Fowler, 1986) and general auditory and learning approaches to speech 
perception (e.g. Kingston & Diehl, 1994, 1995; Lotto, 2000; Ohala, 1996; Sussman, 
Fruchter, Hilbert & Sirosh，1998) have been more influential and widely-studied. They 
are briefly introduced as follows. 
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2 . 3 . 1 THE MOTOR THEORY 
Proposed by Liberman (1991)，the revised version of motor theory (thereafter, the 
motor theory or the MT) posits that there exists a direct link between speech perception 
and production. Besides claiming that the link is innate and there is a common locus for 
speech perception and production, the MT also proposes that the objects of speech 
perception are articulatory events but not acoustic or auditory events. These objects are 
referred to as "intended phonetic gestures" which will be recovered by listeners as 
neuromotor commands to the articulators but not peripheral events such as actual 
articulatory movements (Liberman, 1991; Liberman & Mattingly，1985). These gestures 
will be later references of sounds when a listener tries to decode them during perception. 
Liberman (1991) also hypothesized that speech perception cannot be attributed to 
general audition mechanisms and learning, but instead a speech-specific language 
module that consists of the phonetic system as one of the components. 
The MT also claims that speech production, as a process, is linked causally by the 
following levels as shown in the flowchart (Diehl, Lotto & Holt, 2004): 
phonemes 




vocal tract shapes ： ^ 
I — 
J i ^ � acoustic signals 
Figure 2.1. Causal links in speech production as posited in the motor theory 
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One-to-one mapping correspondence is assumed to be with neuromotor commands 
and with muscle contractions. While the mapping between muscle contractions and 
vocal tract shapes is said as highly complex due to the coarticulatory nature of speech 
sounds, the relation between vocal tract shapes and acoustic signals is hence non-linear 
(see also Stevens, 1972 on Quantal Theory of Speech), implying that speech production 
is a complex process mainly by virtue of the coarticulation effects of adjacent 
consonants and vowels. 
Apart from the MT, another approach that posits the existence of a direct link 
between speech perception and production is the direct realist approach to speech 
perception or more specifically the Direct Realist Theory, which however differs from 
the MT in the perceptual primitives and mechanisms (Best, 1995; Wang, 2002). 
2 . 3 . 2 T H E DIRECT REALIST APPROACH TO SPEECH PERCEPTION 
Direct Realism is originally a philosophical theory developed by Gibson (1966, 
1979) and Gibson (1969, 1991) regarding the origins of perceptual knowledge. It claims 
that the perceiver directly apprehends the external world and the perceptual object 
directly and with awareness. Built on empirical research on perception, the fundamental 
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premises of this philosophy have been applied to speech perception and hence the 
Direct Realist view to speech perception was developed (Best, 1984，1993, 1994a, 
1994b; Fowler, 1986，1989, 1990). This approach to speech perception posits that the 
actual gestures produced by the speaker's vocal tract are directly perceived. The gestural 
knowledge is available in any speech for a perceiver to detect directly. Note that 
gestural information is not founded on acoustic features and that neural and/or cognitive 
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mechanisms are not needed to decode inferences from speech signals. When it comes to 
production, the speaker aims to produce the targets based on the perceived gestures. It 
means that the link between speech perception and production lies in the "common 
communicative goal" of the language user (Bradlow et al., 1997, p.2299). 
Also, perceptual learning plays a crucial role in the Direct Realist view to 
perception, especially when Direct Realist Model (DRT) is considered. The DRT 
assumes that the detection and discovery of higher-order invariants are entailed in the 
perceivers' attunement to native speech. The invariants are specifications of the gestural 
knowledge perceived, which together make up the native phonological inventory (Best, 
1995). Inasmuch as perceivers become language-specific, i.e. they become attuned to 
their native speech, detecting crucial elements that distinguish the linguistic relevant 
contrast is said to be efficient. This suggests that experience with the native language 
will affect perception of non-native speech. 
Besides the difference in the objects of perceptual gestures (intended in the MT, 
actual in direct realist approach), the MT and the Direct Realist approach distinguish 
most from each other that no neural innate module is assumed to mediate the link 
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between speech perception and production in the Direct Realist view. However, based 
on a host of studies (e.g. Diehl & Kluender, 1987; Fowler, 1986; Liberman, 1996)，there 
is no serious disagreement among theorists that both the MT and the Direct Realist 
approach assure that "regularities of speech production... [is] highly correlated with 
listener's perceptual judgements" (Diehl et al., 2004，p. 167) 
Both the MT and the Direct Realist approach to speech perception however 
1' 
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received challenges because of some new empirical findings (e.g. Miller, Wier, Pastore, 
Kelly & Dooling, 1976; Pisoni, 1977; Stevens & Klatt，1974) which led to the 
exploration of alternatives to the MT and the Direct Realist approach. It is referred to as 
the general approach to speech perception and is introduced in the next section. 
2 . 3 . 3 GENERAL APPROACH TO SPEECH PERCEPTION 
The general approach (GA) to speech perception was proposed based on a number 
of speech investigations (e.g. Kingston & Diehl, 1994; Lotto, 2000; Ohala, 1996; 
Sussman et al.，1998). The GA, in contrast to the MT, does not entail any specialized or 
human-specific mechanisms or modules to explain speech perception. Instead, speech 
perception is hypothesized as involving the use of the same mechanisms of audition and 
perceptual learning to any sounds from the environment. Also, the GA does not assume 
the recovery of speech from the acoustic signals as mediated by the perception of 
gestures (Diehl et a l , 2004). The GA is also regarded as an approach rather than a 
theory owing to its abstract nature in defining itself mainly as an opposition to the MT 
and the direct realist approach. It also differs from the MT and the Direct Realist 
approach in terms of how speech perception and production are linked. 
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The GA posits two general accounts for the connection between speech perception 
and production. They are a) production follows perception, and b) perception follows 
production. For the first account, the GA explains that productions can be made only 
when the auditory distinctiveness of phonemes is maximized to promote intelligibility 
of a sound, and hence the entire sound system. Thus, when a listener can perceive a 
sound that is acoustically and so auditorily most distant from other sounds, productions 
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can be made. The second claim of the GA proposed that during speech production, any 
regularity in the production such as context dependencies will be reflected in the 
acoustical signal which a listener can make use of during general mechanisms of speech 
perception. Thus, as posited in the GA, since a listener perceives only the acoustical 
consequences of articulatory gestures, he/she can correlate those production regularities 
that have been perceived as acoustic signals in the speech perception. 
The above two sections have introduced several current models, theories and 
approaches that explain speech perception and/or production. Over the past several 
decades, evidence for a link between speech perception and production has started to be 
found from some training studies carried out in laboratories. Some of them are 
perceptual training studies on the perception and production of non-native contrasts 
which pose great difficulties on the L2 learners (e.g. Bradlow et al., 1997; Hazan, 
Sennema, Iba & Faulkner, 2005; Iverson & Evans, 2009; Lambacher et al., 2005). These 
cross-language studies and training experiments will be introduced in the following 
sections as reinforcement of the above theories and to set the background for the current 
research study. 
1 « 
2 . 4 TRAINING IN THE LABORATORY 
Difficulties in L2 speech perception and production among adult learners are 
well-known, as the retiming of the phonetic system of these language-specific learners 
is usually more effortful and challenging (e.g. Best, 1995; Iverson, Kuhl, 
Akahane-Yamada, Diesch, Tohkura, Kettermann & Siebert, 2003; MacKain, Best & 
Strange, 1981). Hypotheses and theories have also been proposed for explaining these 
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immense difficulties in L2 speech learning, as stated in section 2.1. Nonetheless, some 
research (e.g. Bradlow et al., 1997; Hazan et al , 2005; Iverson & Evans, 2009; 
Lambacher et al., 2005;) conducted in the last few decades have shown that L2 speech 
learning difficulties can be ameliorated by intensive laboratory training. These studies 
have shown that the perception and production of L2 sounds can be modified through a 
short period of intensive laboratory training while the learning can also be generalized 
to new words and new speakers and can be retained over time. The results in these 
training studies not only give a new way out for learners who cannot afford the time for 
long immersion in the ambient language environment to improve their L2 speech 
learning, but they also shed light on how malleable and plastic adults' speech learning 
system can be. The following sections will discuss some cross-language training studies 
and their results to set the stage for the present study. 
2 . 4 . 1 DISCRIMINATION VS. IDENTIFICATION TRAINING 
Choosing appropriate methodologies to adopt in perceptual training studies is 
crucial. A fundamental distinction in previous training studies is between the use of 
discrimination and identification tasks. Subjects have to determine whether the stimuli 
‘ < 
are the same or different in discrimination tasks which can be with AX paradigm 
(decide whether two tokens, A and X, are the same or different) or ABX (decide 
whether X is the same as A or B) paradigm. While in identification training the subjects 
will hear only one token in one trial, they have to identify the stimulus presented to 
them to the respective label or choice given. Immediate feedback is usually provided in 
both types of training methods. 
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The earliest perceptual training studies under laboratory conditions (e.g. Carney, 
Widin & Viemeister，1977; McClaskey, Pisoni & Carrell，1983; Pisoni, Aslin, Percy & 
Hennessy, 1982; Strange & Dittman，1986) adopted the use of discrimination tasks or a 
combination of discrimination and identification tasks in training. Carney et al. (1977) 
and Pisoni et al. (1982) found that American English speakers could successftilly 
discriminate within-category differences along the English voice onset time (VOX) 
/b/-/p/-/ph/ continuum after a short period of training with discrimination and 
identification tasks. McClaskey et al. (1983) replicated and extended the study of Pisoni 
et al. (1982) and showed that even no further training was provided, the subjects can 
transfer the perceptual learning of a third voicing category to a new place of articulation. 
Although these three studies investigated only the perceptual improvement of 
monolingual speakers' LI categories under laboratory conditions, the positive results 
motivated Strange and Dittmann (1984) to start adopting a similar protocol to test the 
effect of perceptual learning on non-native sounds. 
Strange and Dittmann (1984) tested the production o f / j / and /I/ contrast among a 
group of adult Japanese speakers of English with varied L2 experience. The training 
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adopted the use of AX discrimination on a synthesized /j/-/l/ continuum (by using 
"rock" vs. "lock") with immediate feedback. The subjects also had to participate in a 
pretest and a posttest with natural tokens contrasting the 111 and /I/ pairs as well as 
identification and discrimination tasks on two synthetic /j/-/l/ continuum, the 
"rock-lock" series and a new "rake-lake" series. Learning was found to have transferred 
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to the new continuum and more demanding ABX discrimination tasks, but not to 
naturally produced words. 
Strange and Dittmann's (1984) investigation, besides being the pioneering research 
in training cross-language perceptual performance, also marked the change of research 
from using both discrimination and identification tasks to the solely adoption of 
identification tasks in the training paradigm. The lack of transfer of learning to natural 
tokens in the study was said to be partly attributed to the solely adoption of 
discrimination tasks. It is claimed that discrimination tasks cannot promote effective and 
generalizable perceptual learning and these tasks do not provide an optimal training 
ground for inducing changes in phonetic categorization (Logan & Pmitt, 1995). Also, 
discrimination training tends to draw the subjects' attention to within-category 
differences and hence the subjects may ignore essential acoustical properties for 
category formation (Jamieson & Morosan, 1986，1989). It is probably the reason for the 
decrease in popularity of discrimination training. In contrast, identification tasks are 
more widely adopted in more recent training studies (e.g. Bradlow et a l , 1997; Lively et 
al. 1993; Lively et al., 1994; Logan et a l , 1991; Logan & Pmitt, 1995) because they 
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were believed to be more effective in significantly improving the subjects' perceptual 
performance in non-native phonemic contrasts, especially when the stimuli used in 
these tasks have some token and speaker variability. Nonetheless, the above studies 
which tested binary non-native contrasts seemed to have ignored the possibility that 
giving the subjects only two-forced choices would yield a chance level as high as 50% 
for the subjects. Since the subjects were forced to choose their answer out of the given 
f'' 
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two choices, even if they could not genuinely identify the stimuli, they still had to give 
an answer which could merely be based on guessing. Hence, the results may not be able 
to reflect the genuine perceptual ability of the subjects. 
Although only limited evidence has shown that identification tasks are superior to 
discrimination training (Flege, 1995), identification tasks with high stimulus variability, 
named in previous literature as the High-Variability Phonetic Training (HVPT) 
approach, started to become the preferred and dominant phonetic training approach in 
the past two decades (Bradlow et al., 1997; Bradlow et a l , 1999; Hazan et a l , 2005; 
Lambacher et a l , 2005; Lively et al., 1993; Lively et a l , 1994; Logan et al., 1991; 
Iverson & Evans，2007a，2009; Nishi & Kewley-Port, 2007b, 2008). The HVPT, mostly 
as a kind of identification training, emphasizes the use of multiple speakers and various 
phonetic contexts to increase the stimulus variability in the production of the natural 
training minimal pairs. The subjects under training can then be exposed to the natural 
tokens produced by different speakers which simulate real-world communication with 
the native speakers. Results utilizing the HVPT approach have also displayed 
encouraging results in improving the subjects' perceptual performance of confusing 
non-native contrasts. The details and relevant studies are in the next section. * 
2 . 4 . 2 HIGH-VARIABILITY PHONETIC TRAINING ( H V P T ) 
The failure of transferring perceptual learning to natural tokens in Strange and 
Dittmann's (1984) study is speculated as related to the use of stimuli produced by only a 
single speaker and in a single context, which is the Low-Variability Phonetic Training 
approach (LVPT), in contrast to the HVPT technique. Although this study used 
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discrimination tasks instead of identification tasks with low-variability stimuli, one later 
study (McCandliss, Fiez, Protopapas, Conway & McClellang�2002) using the LVPT 
and identification training still showed that low-variability stimuli, particularly those 
synthetic ones, could not induce effective training effects on novel and natural tokens. 
These results however motivated a series of follow-up research studies in response to 
the suggestion pointed out by Strange and Dittmann (1984) and Jamieson and Morosan 
(1986) that a wider range of stimuli should be covered in the training paradigm, and 
they are the studies adopting the HVPT approach. 
The HVPT was firstly adopted in a series of research studies in researching the 
effectiveness of stimulus variability on the perceptual training of 111 and /I/ contrast of 
Japanese speakers of English (Bradlow et al., 1997; Bradlow et al., 1999; Lively et al., 
1993; Lively et al., 1994; Logan et al , 1991). High-variability in the approach 
designated the use of a wider variety of speakers, and hence the stimuli of the target 
language to train the perception of the subjects. This approach has particularly been 
popular in training Japanese speakers' perceptual learning of English 111 and IV contrast 
in the last two decades and showed very salient improvements among the subjects. 
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Logan et al. (1991), as the first of the series, trained six Japanese speakers of 
English with different length of residence in the United States to identify the / j / and III 
contrast under different phonetic environments. The subjects had to do a pretest and a 
posttest, in which the testing tokens were the same 16 minimal pairs used in Strange and 
Dittmann's (1984) research. Fifteen training sessions using a two-alternative 
forced-choice identification task with immediate feedback were provided to the subjects. 
I： 
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The subjects were exposed to 68 minimal pairs with / j / and /I/ contrast in different 
environments in the training. The minimal pairs were produced by five different native 
speakers and were presented as a block of tokens under the speaker, meaning that the 
subjects would hear a set of tokens produced by one speaker first before another. 
Besides doing the posttest, the subjects also had to do the first Test of Generalization 
(new words produced by a new speaker) and the second Test of Generalization (new 
words produced by a familiar speaker). The results showed that the identification 
improved from the pretest to the posttest in general and transfer to the two tests of 
generalization was observed. However, the effect of phonetic environments and the 
effect of speakers were found as tokens produced by some speakers were more 
accurately identified due to the grouping of tokens under a speaker, implying that the 
subjects had paid attention to the talker-specific information rather than the acoustic 
differences of the two consonants. This study was also criticized by Pruitt (1993) that 
there was no control group for.comparison of experiment effects and hence lacked 
evidence to claim the efficacy of using the HVPT over the LVPT and the usefulness of 
stimulus variability. 
The results of this first study were however significant in the way that it provided a 
solid threshold for further research. On the grounds of Pruitt's (1993) critique on the 
methodologies and research design of the study of Logan et al. (1991), two more 
follow-up studies, one investigating the role of phonetic environments on perception 
(Lively et a l , 1993) and the other testing the possibility of long-term retention of the 
HVPT (Lively et al., 1994)，were conducted. Lively et al. (1993) modified the 
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methodology used in Logan et al. (1991) by doing two experiments to investigate the 
effects of talker variability and phonetic environments separately on the subjects' 
perceptual learning. The first experiment trained native Japanese speakers' perception 
by providing the subjects with natural tokens with English 111 and /I/ contrasts in three 
different environments (initial singleton, intervocalic positions and initial consonant 
clusters) produced by five native speakers. The second experiment used minimal pairs 
produced in five different environments by only one single speaker. Results showed that 
subjects in general improved from the pretest to the posttest in both experiments, but the 
tokens with higher speaker variability (experiment 1) were more efficient in training the 
subjects than using tokens with higher variability in phonetic environments (experiment 
2)，especially in generalization to new words produced by new speakers. This study 
provided more evidence that higher speaker variability was essential in cross-language 
perceptual learning, especially in generalization. 
The third study of the series by Lively et al. (1994) tested whether the training 
effects can last long among a group of native Japanese speakers with no experience in 
residing in any English-speaking countries. The study was closely based on the 
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methodology used in Logan et al. (1991), using high-variability training stimuli 
produced by five native speakers contrasting 111 and /I/ in four different phonetic 
environments. The posttest results showed that the subjects improved significantly and 
more generalization effects were found in new words produced by familiar speakers 
than by new speakers. The primary goal of the experiment was to test the long-term 
retention of the perceptual learning by administering two delayed posttests three and six 
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months after the training, the posttest and generalization tests were all completed. 
Significant improvement was still found in the three-month posttest and was partially 
retained in the six-month posttest. 
The other two training studies in the series of the HVPT approach in training 
Japanese speakers of English the perception of 111 and IV contrast (Bradlow et al , 1997; 
Bradlow et al., 1999) will be discussed in details in section 2.4.4 as these studies have 
expanded the research design and investigated the transfer of perceptual learning to 
production, which is a valuable area in the present study that worth devoting a separate 
section for discussion. Yet, since the HVPT approach was found to be so useful in 
improving the notoriously difficult object of perception, the English hi and IV contrast, 
among native Japanese speakers, this training paradigm was also adopted in other 
cross-language studies aiming to improve the perception of other segmental and 
suprasegmental L2 contrasts. These include training native Mandarin speakers on the 
perception of French voiced and voiceless stops which were distinguished by VOT 
values (Rochet, 1995) or their perception of English word-final /t/ and /d/ (Flege, 
1995b); training native English and Japanese speakers to perceive Hindi dental and 
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retroflex stops (Pruitt, 1995; Pruitt, Jenkins & Strange, 2006); training native English 
speakers the perception of Korean stop voicing contrast (Kim & Hazan, 2010); training 
native English speakers the perception of Japanese vowel length contrast (Hirata, 2004; 
Hirata, Whitehurst & Cullings�2007; Tajima, Kato, Rothwell, Akahane-Yamada & 
Munhall, 2008; Yamada, Yamada & Strange�1996); training native English speakers the 
perception of Mandarin lexical tones (Wang, Jongman & Sereno�2003; Wang, Spence, 
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Jongman & Sereno, 1999) as well as training Catalan or Spanish speakers the 
perception of English word-initial /p/-/b/ and /t/-/d/ and the vowel contrasts /i:/-/i/ and 
IxI-IkI (Aliaga-Garci'a & Mora, 2009), just to mention some. 
2 . 4 . 3 VOWEL TRAINING STUDIES 
Research on cross-language vowel training is however relatively scarce when 
compared to research on L2 consonant training. Although there is an increasing number 
of investigations on cross-language vowel perception such as the perception of English 
vowels by Greek speakers (Lengeris, 2009; Podlipsky, 2005) or by German and Spanish 
participants (Iverson & Evans, 2007, 2009)，most of the studies tended to focus on 
investigating native Japanese speakers' perception (and production) of American 
English vowels (e.g. Lambacher et a l , 2005; Nishi & Kewley-Port�2005, 2007b; 
Sperbeck, Strange & Ito�2005). Several cross-language vowel studies, with English as 
the subjects' L2, will be introduced in this section as they are enlightening for the 
present research. They may not have adopted the HVPT approach, but the research 
methodology was modeled or based on the design of the HVPT paradigm. 
Seventeen adult native speakers of Japanese were recruited in Nishi and 
Kewley-Port's (2007b) study, which aimed to compare the efficacy of two sets of ‘ 
stimuli in perceptual training, one was a fiill set with nine American English 
monophthongs and the other was only a subset with three most difficult American 
English monophthongs. Six of the subjects were assigned to the training group with the 
full set stimuli, the other six were put in the training group with only the subset and the 
remaining five subjects were the control subjects receiving no training. The experiment 
PERCEPTION AND PRODUCTION OF ENGLISH VOWELS 3 5 
followed the usual protocol of the HVPT: the pretest, training, the posttest, and a 
three-month delayed posttest. In both the pretest and the posttest, the subjects were 
given nonsense words with consonant-vowel-consonant and schwa (CVCs) structure 
within six different consonantal contexts. Thirty-six real CVC words were used in the 
generalization test. The training, including nine sessions, adopted identification tasks 
with immediate feedback and the stimuli were those nonsense words used in the pretest 
and the posttest. The subjects were given at most ten chances to re-listen to the correct 
answers if their identification was incorrect. The results showed that both training 
groups improved their perception of the vowels from the pretest to the posttest, and their 
learning could also be generalized to new words produced by new speakers. However, 
the subjects trained under the subset were not able to improve the perception of vowels 
other than the three they had received training. This suggested the use of full set stimuli 
was more advantageous than the subset. The authors explained that because the subjects 
trained under the full set stimuli could be exposed to a larger set of vowels, they could 
in turn experience a wider range of spectral and temporal variability, which allowed 
them to be more successful learners than those with limited stimulus exposure. 
Nishi and Kewley-Port (2008) conducted a follow-up study based on Nishi and ‘ 
Kewley-Port (2007b). They trained three groups of five Korean speakers for nine days 
on nine American English monophthongs. Three training protocols were compared: a 
full set of training stimuli used in Nishi and Kewley-Port (2007b), first three days on 
subset and six days on full set (3V-9V protocol), and lastly, first six days on full set and 
three days on subset (9V-3V protocol). The procedures in the training were the same as 
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in Nishi and Kewley-Port's (2007b) study. The performance of the subjects was 
assessed by a pretest, a posttest and a mid-training test and the results showed that all of 
the training protocols were effective in improving the subjects' perceptual learning of 
the English vowels, but the two protocols involving the subsets were not found to have 
any advantage over the full set protocol. The results of 9V-3V and 3V-9V protocols 
were however very different. It was found that training first on the smaller set (3V-9V 
protocol) exerted strong and unexpected negative effects on the learning of the vowel 
set. As shown in the results, this protocol failed to train the subjects on vowel /u/ in 
particular. The authors elucidated that because the subjects were guided initially to 
make label-exemplar associations for three particular vowels and when they were 
exposed to the whole set of vowels afterwards, they had to accommodate additional 
vowels while their newly leamt subset was still unstable and in a state of complication. 
This study had corroborated the general positive effects of the HVPT and it has also 
shed light on how the order of training protocols and size of training stimuli set affect 
the effects of perceptual learning. 
The last cross-language vowel training study that will be introduced in this section 
is the one conducted by Iverson and Evans (2009), who trained 17 Spanish and 16 * 
German native speakers on their perception of 14 British English monophthongs and 
diphthongs under the HVPT paradigm. The training was partly tailor-made to train the 
subjects on vowels that they had problems with. The performance of the subjects was 
evaluated by comparing their results in the pretest and the posttest in three ways: a) a 
vowel identification test, where the subjects chose the word they heard from four 
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choices; b) an LI vowel assimilation test, where the subjects chose the LI vowel that 
sounded the closest to the stimulus they heard; and c) a vowel-space mapping test, 
where the subjects had to rate on a continuous scale how far away a stimulus they heard 
was from being a good exemplar of the words given. The results showed that both 
groups improved their perceptual performance, while the German group improved more 
than the Spanish group. It was only after 10 more sessions of training that the Spanish 
speakers' performance could reach the level that the German group had achieved. The 
performance of both groups was also retained after four to five months. The authors 
concluded that a larger LI vowel category inventory (German has 18 vowels whereas 
Spanish has only five vowels) seemed to facilitate new learning. Also, the results 
suggested that the HVPT promoted perceptual learning by allowing the subjects to 
apply their knowledge of existing phonetic categories to identify new L2 vowels more 
accurately and efficiently. 
All these vowel training studies have shown that the HVPT approach is an 
effective approach in training the perception of L2 vowels. Modifications and the 
application of the approach to subjects with different L2 backgrounds were also attested 
and the results showed that the effectiveness was generally high, but it varies in ‘ 
different degree. Practically speaking, the ultimate goal of learning the L2 sound system 
is to achieve the success in both the perception and production of the sounds in the 
target language, meaning that perceptual learning should be evaluated as how its effects 
can be transferred also to the production domain which can also help understand the 
link between perception and production as well as the second language acquisition 
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processes. The studies which examined the effect of perceptual training on production 
are worth mentioning in the next section for understanding more about how these two 
domains can be assessed. 
2 . 4 . 4 PERCEPTUAL TRAINING ON PRODUCTION 
Although it has been extensively researched, the link between perception and 
production has only been investigated mainly in terms of cross-sectional studies on the 
subjects' performance of consonants (e.g. Flege & Schmidt, 1995; Schmidt & Flege, 
1995) and vowels (e.g. Flege, Bohn & Jang�1997a; Mcallister, Flege & Piske, 2002) in 
both domains which overlook the fact that improvement in production as a function of 
perceptual learning can also offer insights to the correlation between the two modes. 
Studies that directly assessed how changes in the perceptual domain affect the 
production domain under laboratory training have emerged in recent years and some 
investigating English as the L2 of the subjects are reported as follows. 
The series of studies that investigated the perceptual learning of English /j/-/l/ 
contrast by Japanese speakers was extended by Bradlow et al. (1997) to the transfer of 
perceptual learning to the production performance of the subjects. Under the HVPT 
protocol, eleven Japanese subjects had to go through the pretest-treatment-posttest ‘ 
procedure and were pretested and posttested on both their perception and production 
performance. A group of control subjects was also present. The perception tests and 
training procedures followed the usual identification tasks (with immediate feedback in 
training sessions) while the production tests required the subjects to record a list of 
minimal pairs contrasting 111 and /I/. The production performance was assessed by a 
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group of native English speakers in two ways: one by seeing whether the native 
speakers preferred the production of a word produced by the subjects in the pretest or 
the posttest; the other one by testing whether the native speakers can identify the 
subjects' production tokens in the pretest and the posttest accordingly. The results 
showed that not only had the perceptual performance improved, corroborating positive 
results in previous relevant studies, but it also showed that the production performance 
also improved. The authors claimed that the effect of perceptual learning had brought 
about gains in the production domain. Despite the general gain across subjects, a lot of 
individual differences were found among them and this implied that the effects of the 
training vary across individuals. Bradlow et al. (1999) extended the above research by 
testing whether the improvements in both domains can be retained three months after 
the training. This study replicated the findings in Bradlow et al. (1997) and also showed 
that the HVPT approach was beneficial to retaining long-term learning in both 
perception and production. The authors also speculated that the two domains were 
closely linked. A similar study done by Hazan et al. (2005) which tested the effects of 
audiovisual training on the Japanese speakers' perception and production of English Ixl 
and /I/ contrast, also showed similar positive results in the gain of both domains. ‘ 
Besides investigating consonants, some studies investigated the effect of L2 vowel 
perception training on production. Wang (2002) investigated the perception of three 
English vowel pairs, /i/-/i/, /e/-/ae/, and /u/-/u/, among a group of Mandarin and 
Cantonese speakers and the effect of perceptual learning on production. The subjects' 
production performance was assessed by a group of native speakers and also acoustic 
f 
PERCEPTION AND PRODUCTION OF ENGLISH VOWELS 3 5 
analysis of the words produced by the subjects in the pretest and the posttest. Trained 
under both synthetic stimuli and the HVPT paradigm, the subjects were found to have 
significantly improved the perceptual identification of the three vowel contrasts, but the 
production improvement was not significant. There were, however, a lot of individual 
differences which provided evidence that some particular subjects' production 
performance had improved. The author justified that the difficulty was due to the fact 
that production of vowels lacked a fixed placed of articulation. More studies are thus 
needed to investigate more on the link between perception and production. 
In contrast, the study done by Lambacher et al. (2005) offered positive results to 
both the perception and production of English vowels. This study trained 34 Japanese 
speakers on five vowels in American English, /ae/, /a/, /A/, /O/, and M , with a group of 
20 subjects as control. The training involved the use of the HVPT approach where the 
subjects had to identify 75 stimuli produced by five native speakers once per week for a 
total of 6 weeks. The perceptual test employed a five-altemative forced-choice 
identification task, with the five target vowels as the choices. The production tests 
required the subjects to record a set of words with the five target vowels within varied 
CVC contexts. The production performance was evaluated by a group of native * 
speakers through identifying the vowels and by an acoustic analysis on their 
productions. It was found that both the perception and production performance of the 
subjects improved significantly, replicating the positive results in some consonant 
training studies. 
Nobre-Oliveira (2007) trained the perception of three English vowel contrasts 
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/i/-/i/，/e/-/ae/, and /u/-/u/ by Brazilian learners. Thirty-six subjects were involved in the 
study. Twenty-nine subjects participated in the perceptual training programme while the 
remaining seven of them were in the control group. The usual pretest-treatment-posttest 
paradigm was used, and two training protocols were compared. One was the HVPT 
approach, where the stimuli (nine monophthongs) were natural and produced by seven 
native American English speakers, whereas the other one used synthesized stimuli 
generated by a Praat script with the first three formant frequency (F7, F2 and F3) values 
based on previous literature on American English. Prior to the perceptual training, the 
subjects attended a theoretical session about some basic knowledge of the vowels, such 
as their representations in the vowel chart. Then they proceeded to the perceptual 
training session, which was an identification task with immediate feedback. The training 
lasted for three weeks, 50 minutes each day, and the subjects were trained only on the 
front vowels in the first week, the back vowels in the second week and all the vowels in 
the third week. Before and after the training sessions, the subjects were required to do a 
pretest and a posttest, in which they had to identify 72 CVC target words plus 36 
distracters. The results of perceptual performance from the pretest to the posttest were 
compared and both training methods had positive effects on the perceptual learning of ‘ 
the L2 vowels. Noticeable improvement was also found in the production of the vowel 
pairs, but only the /i/-/i/ gain was statistically significant. This study also found that 
synthesized stimuli appeared to be more effective in training the subjects than natural 
stimuli, because synthesized tokens were enhanced by manipulating some crucial 
acoustic cues. 
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2 . 4 . 5 SUMMARY OF PREVIOUS RESEARCH 
Although investigations on vowels were still relatively rare, all the above training 
studies have shown substantial proofs that phonetic training approaches can benefit the 
subjects' perceptual learning even on some difficult non-native contrasts at the 
segmental level. The subjects may not be able to achieve native-like performance after 
the training, but significant improvement could still be found. Added to this, using 
high-variability training stimuli also promotes, rather than impedes, the perceptual 
learning of the subjects. Generalization effects to new words and new speakers were 
also found, especially when the subjects were trained with a wider range of stimulus 
variability. Several extended studies have also shown that the training effects can be 
retained in the long run. Perceptual learning was also found to be able to transfer to the 
production domain in general, although a lot of individual differences were observed 
across studies. Researchers had also modified, expanded and combined some training 
techniques and paradigms together to maximize the effectiveness of the training 
approaches, among which the HVPT paradigm was usually used as the skeleton of the 
modified training approach. 
Based on all the above training studies, the present study also adopts the use of the ‘ 
HVPT approach and has modified some details of its design. Prior to the introduction of 
the methodology used in the present study, the background of the research will be firstly 
introduced. 
2 . 5 CURRENT RESEARCH BACKGROUND 
In the present research, the perceptual learning of the English /e/-/ae/ contrast 
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among Hong Kong Cantonese speakers is the main concern. The training effects on the 
production of the two vowels are also investigated in this study. This vowel pair was 
chosen for training because a number of studies (e.g. Chan & Li�2000; Chang, 1975; 
Hung, 2000; Meng, Zee & Lee�2007) on the perception and production performance of 
English vowels have indicated that the vowel pair /e/-/ae/ poses identifiable problems 
among Hong Kong Cantonese, particularly in their production. Hung (2000) ascribed 
the problem to the difference between the LI (Hong Kong Cantonese) and L2 (English) 
systems. As mentioned in the above sections, L2 learners may find it difficult to acquire 
the second language, especially the sound system, as the learner's preexisting LI system 
may have interfered with the perception of novel L2 sounds (Lado, 1964). 
To understand better the perception and production of English /e/-/ae/ contrast 
among Hong Kong Cantonese speakers, it is worth looking at a brief comparison of the 
vowel systems of Hong Kong Cantonese and English first. 
2 . 5 . 1 CANTONESE VOWEL SYSTEM VS. ENGLISH V O W E L SYSTEM 
English, a Germanic language, and Cantonese, a widely spoken Chinese dialect in 
Hong Kong within the Sino-Tibetan language family, have considerable typological 
differences which may create the difficulties for Cantonese learners to master the ‘ 
pronunciation of the English language (Chan & Li, 2000; Meng et al., 2007). Since this 
research focuses only on the learning of a pair of English vowels, the present section 
will discuss only the vowel systems of English and Cantonese and what previous studies 
have suggested about the learning difficult of the vowel pair Id and /ae/. 
English, if the Received Pronunciation (RP) accent is concerned, has 24 vowels in 
PERCEPTION AND PRODUCTION OF ENGLISH VOWELS 3 5 
total, including eleven monophthongs, eight diphthongs and five triphthongs; whereas 
for Cantonese, there are 22 vowels altogether, with eleven monophthongs and eleven 
diphthongs (Handbook of the IPA, 1999). The following two vowel charts, based on the 
Handbook of the IPA (1999), show the basic differences between the vowel systems 
(only monophthongs are shown) of the two languages: 
Figure 2.2. English vowel chart (left) and Cantonese vowel chart (right) 
The main concern in the present study is the English vowel pair /e/-/ae/. The vowel 
/e/ exists in English as a mid front vowel, of which the openness can be finely stated as 
intermediate between half-close and half-open; whereas the vowel /ae/ is an open front 
vowel with openness more accurately stated as between half-open and open (Chang, 
1975). This vowel pair is present in the L2 sound system of Cantonese speakers as a 
I � 
pair of non-native contrast, since both vowels do not exist in the phonemic inventory of 
Cantonese, the LI. Several studies have contrasted the differences between Cantonese 
and English phonemes as a prelude to understanding and accounting for the problems 
and difficulties in the phonological acquisition of Cantonese learners and they will be 
presented in the next section. 
However, it is worth noting that there is in fact a discrepancy in the description of 
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the mid central vowel in Cantonese across the literature. Some studies in both the 
linguistic and clinical science fields (e.g. Chang, 1975; Handbook of the IPA, 1999; 
Hung, 2000; Ng & Chu�2009; So & Thelwall�1992) have stated that the mid front 
vowel in Cantonese is /e/ which is not present in English; other studies (e.g. Chan & Li, 
2000; Meng et al , 2007; So & Wang�1996; Whitehill, Ciocca, Chan & Samman, 2006) 
regarded the mid front vowel in Cantonese as the same mid central vowel /e/ in English. 
To confirm the representation for this mid front vowel in Cantonese may need further 
investigations, the presence of /e/ as the first half of the Cantonese diphthong /ei/ is 
however agreed in all these studies. However, upon checking the formant frequencies 
stated in some of these studies, it was found that the first two formants (F7, which 
corresponds to vowel openness; and F2, which represents vowel frontness) of either /e/ 
or /e/ are very close together, although botH values of /e/ are slightly lower than those of 
/e/. The data are shown here: 
Table 2.1 
Formant Frequencies for Cantonese Mid Front Vowel Stated in Several Studies 
F1 F2 F3 Source 
/£/ 526 1901 N/A N g & Chu (2009) 
541 1976 2687 • So & Thelwall (1992) 
‘ /e/ 573 2286 N/A So & Wang (1996) ‘ 
561 2106 N/A Whitehill et al. (2006) 
Note: Fl, F2 and F3 values are measured in Hertz; the format frequencies are averaged between male and 
female participants 
Although if the above data are compared with those of English vowel Id presented 
in Table 2.2 on the next page, an overlap of frequencies of Cantonese vowel Itl (or Id) 
with the English vowel /e/ is very obvious. So as to facilitate comprehension in this 
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study, the Cantonese mid front vowel would be annotated as /e/, which can avoid 
confusion in the presentation with the English vowel Id. A more accurate way of 
describing this Cantonese vowel surely requires further research on its vowel quality 
and acoustic analysis, which is beyond the present discussion. 
The formant frequencies of the English vowels /e/ and /ae/ across several studies 
investigating different accents of English including General American (Carmell, 1997; 
Lambacher et al., 2005; Nobre-Oliveira, 2007), Australian (Bernard & Mannell�1986) 
and Southern British English (Deterding, 1997) are presented in Table 2.2 as reference. 
Since the English vowels /e/ and /ae/ are present in all these three accents selected from 
previous studies, the comparison of their formant frequencies can shed light on the 
present research. 
Table 2.2 
Formant Frequencies for English Vowels lei and /ae/ as Stated in Several Studies 
F1 F2 F3 Duration Accent Source 
/e/ 460 2040 2650 N/A Australian Bernard & Mannell (1986) 
550 1770 2490, N/A General American Carmell (1997) 
480 1620 N/A N/A Southern British Deterding (1997) 
547 2039 2735 N/A General American Nobre-Oliveira (2007) 
/as/ 640 1870 2600 N/A Australian Bernard & Mannell (1986) 
’ 690 1660 2490 N/A General American Carmell (1997) ‘ 
680 1550 N/A N/A Southern British Deterding (1997) 
665 1726 2423 157 General American Lambacher et al. (2005) 
751 1835 2630 N/A General American Nobre-Oliveira (2007) 
Note: Fl, F2 and F3 values are measured in Hertz while duration in millisecond 
2 . 5 . 2 CANTONESE LEARNERS' DIFFICULTIES 
Chan and Li (2000) compared the phonemic inventories of Cantonese and English, 
with a view to predicting and accounting for most of the pronunciation problems 
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encountered by Cantonese speakers of English. The current research benefits from their 
study through their prediction of Hong Kong learners' developmental problems in 
acquiring the English sound system, one of which is the confusion of the production of 
the two English vowels /e/ and /ae/. As stated in Chan and Li (2000), most Cantonese 
speakers of English do not distinguish between /e/ and /ae/, especially in their mouth 
openness, as /e/ is a mid-close front vowel while /ae/ is an open front vowel It is stated 
that Cantonese speakers tend to substitute /e/ for /ae/ for words in English. This suggests 
that Cantonese speakers of English generally have problems in producing the two 
vowels which are not present in their language, which sometimes bring about some 
communication problems. The investigation by Meng et al. (2007) has stated the same 
over-generalization problem of the two vowels found among Cantonese speakers of 
English in Hong Kong. 
Hung (2000) also investigated the possibility of an existing English variety called 
Hong Kong English, and hence Hong Kong English phonology. To argue that whether 
Hong Kong English exists or not still remains controversial, but it is evident that most 
of the Cantonese speakers of English produce a different vowel set from the native 
speakers of English in general. Hung (2000) argued that the speakers generally use Id, 
which exists in Cantonese as a mid front vowel, to substitute for both Id and /ae/, 
meaning that words with the two vowels will be produced as the same in the speech of a 
Cantonese speaker of English. The formant frequencies, F1 and F2, of the words with 
/e/ and /as/ produced by the subjects in the study were also very close, meaning that the 
two vowels produced were highly similar. The figures are shown here: 
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Table 2.3 
Average Formant Frequencies for 15 Subjects in Hung's (2000) Study 
Vowel Items F1 F2 Duration 
/e/ head 668 1961 160 
bet 741 1919 169 
/as/ had 701 1941 144 
bat 689 1959 179 
Note: F1 and F2 values are measured in Hertz while duration in millisecond 
Hung (2000) also investigated the subjects' perceptual aspect. It was found that 
even if the two vowels were produced very distinctively by a native English speaker, 
Cantonese speakers still found that the two vowels were the same (in a perception test 
done by Hung, the 15 native Cantonese subjects could only distinguish 47% of /e/ while 
only 60% of /as/). From these accounts, it seems that Cantonese speakers of English did 
have difficulties in both the perception and production of Id and /ae/. 
The present study hence would like to adopt specific training approaches, such as 
the HVPT and the LVPT, to see the effectiveness of the training approaches to the 
perceptual learning and possible transfer to production of this non-native contrast. 
2 . 5 . 3 THE PRESENT RESEARCH 
Regarding the Hong Kong context, no research has been done on the effectiveness 
‘ of the HVPT and the LVPT training methods, which emphasized only on the training in ‘ 
perception. Implicit transfer of perceptual learning to production was also of interest. 
Also, traditional teaching and training of phonology has mainly focused on the fine 
articulatory movements and production as the final product, neglecting and deterring the 
development of more appropriate training techniques as alternatives. The present study 
can shed light on this research area by comparing the efficacy of the two approaches. 
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The studies stated in the above sections investigated the effectiveness of the HVPT 
approach, but none considered a possible extraneous factor, the general English 
proficiency of the subjects as influential to the effectiveness of the training methods. 
The aforementioned investigations also have not tested secondary school students in 
higher forms who are supposed to be beyond the hypothesized critical period and have 
acquired the language up to a certain level. This research can offer ideas on a novel way 
of training Hong Kong students' English vowel perception, which focuses on improving 
the perceptual ability of learners as the prerequisite of improving the production, as well 
as providing a more lucid account of the interaction between the perception and 
production of speech sounds. The methodology of this current research will be stated in 
the next chapter. Before presenting the research design, the results and insights obtained 
from a pilot study conducted before the real experiment would be presented first. 
2 . 6 PILOT STUDY 
2 . 6 . 1 PURPOSE 
So as to test the feasibility of the research questions and materials for the training 
phases, a pilot study was necessary to gather preliminary data in response to the 
’ research questions asked for any further modifications. ‘ 
2 . 6 . 2 PARTICIPANTS 
Six Secondary 6 students between ages of 17 to 19 from different schools were 
invited to participate in the pilot study. Three of them were assigned to the HVPT group 
and three were assigned to the LVPT group. Also, based on their results in the listening 
and oral papers in the Hong Kong Certificate Education Examination (HKCEE), one 
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from each training group was assigned to the high proficiency group while two from 
each training group were put into the low proficiency group. Those in the high 
proficiency group obtained Level 5* or Level 5 in both papers, while those in the low 
proficiency group obtained Level 3 or below in both papers. 
2 . 6 . 3 PROCEDURES 
This pilot study lasted for only three days. A simple pretest-treatment-posttest 
structure was adopted. Before the tests began, seven speakers with different varieties 
(details in section 3.2.3.1) were invited to record a list of words which will become the 
training stimuli for the pilot study. If the quality of the recording were clear and of high 
quality, they would be adopted in the experiment. The pilot study hence could help 
check the quality of the stimuli before the real experiment began. 
On day 1 of the pilot study, the subjects did the production and perception pretests. 
In the production pretest, the subjects had to record 30 words with vowels Id or /ae/. 
After this, they participated in the perception pretest, which was in the form of simply a 
question paper, a headphone for them to listen to the stimuli, and a pen. The questions 
were the same as those that would be used in the computer program of the actual 
‘ € 
experiment, if no modification or revision was needed. The subjects had to listen to a 
training stimulus once at a time and identify the words out of four choices. There were 
in total 60 test tokens with the two target vowels. 
After the pretests, all of the subjects immediately took part in the training. The 
training was a two-alternative forced-choice identification task with immediate 
feedback given by the researcher. By using the same paper-and-pen method, the subjects 
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were trained with the same 60 /e/-/ae/ minimal pairs on day 1，day 3 and day 5. They 
were trained twice a day, having a 15-minute rest in between the second training started. 
On day 5, they did the production and perception posttests, of which the 
procedures and test nature were the same as those in the pretests, and two follow-up 
generalization tests (subjects heard 30 tokens which they had not heard before. Test of 
Generalization 1 tested subjects' generalization to new words produced by a new 
speaker, while Test of Generalization 2 tested new words produced by a familiar speaker) 
and one contextualization test (subjects had to read from a passage, instead of a word 
list like in the production pre/posttest), which were also adopted in the real study. 
2 . 6 . 4 RESULTS 
Simple comparison of the percentage scores in all the tests was done to get a 
preliminary picture of the effects of the tests. 
2 . 6 . 4 . 1 PERCEPTUAL PERFORMANCE 
Table 2.4 
Average Percentage Difference between the Perception Pre/Posttest Across Groups 
HVPT LVPT 
/e/ ！ ^ 7^ 1 ~ 
High-proficiency 1 
High-proficiency 2 [ H J U U 6.67% 10.00% 
Low-proficiency 1 6.67% -13.33% 
Low-proficiency 2 20.00% -6.67% 
Low-proficiency 3 _ ^  ^ ^^o/^ 5 570^ 
Low-profi I J ^ J ^ B J 1 ？ "1% -13.33% 
For the difference in performance from the pretest to the posttest, it was found that 
the subjects trained under the HVPT approach did poorer in the posttest for the vowel 
/ae/ and improved the performance for the vowel /e/. In the LVPT group, the subjects 
R 
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with high proficiency had a slight improvement, whereas the two subjects with low 
proficiency regressed or had only very slight improvements in the two vowels. The 
percentage difference of the subjects is shown in Table 2.4. 
Although the two Tests of Generalization (TGI & TG2) adopted in the actual 
experiment would not be in comparison with the results in the pretest, the difference in 
the subjects' performance in the two tests would still be taken as an indicator for easier 
comparison in the pilot study. Comparing the results in TGI (stimuli produced by new 
words and a new speaker) and the pretest, it was found that the HVPT group improved 
in general, ranging from 6.67% to 13.33% for the vowel /e/ and from 37.5% to 83.33% 
for the vowel /ae/. Improvement was also found in the subjects with high proficiency 
under the LVPT training. Nonetheless, general regression was observed among those 
with low proficiency in the LVPT group. The results are reported here: 
Table 2.5 
Average Percentage Difference between the Perception Pretest and TGI Across Groups 
HVPT LVPT 
“ / e / ~ 1 ^ 1 Iq! Ix/ 
High-proficiency 1 
High-proficiency 2 H H U J ^ 64.71% 23.33% 
Low-proficiency 1 37.50% 0.00% 
Low-proficiency 2 
Low-proficiency 3 -5.26% -23.33% 
Low-proficiency 4 50.00% -13.33% 
Concerning the results in TG2 and the pretest, there were very obvious individual 
differences and no general pattern on their performance could be drawn. Most of the 
subjects only improved or regressed slightly or even had no improvement. Only a 
subject with high proficiency in the LVPT group improved more than 20%. The 
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following table shows their performance: 
Table 2.6 
Average Percentage Difference between the Perception Pretest and TG2 Across Groups 
HVPT LVPT 
“ I t ! 7^1 It! ~ 
High-proficiency 1 6.67% 
High-proficiency 2 | m | m H 23.33% 23.33% 
Low-proficiency 1 6.67% -13.33% 
Low-proficiency 2 6.67% 6.67% | | | | | | | | | | | | | H 
Low-proficiency 3 -lO.OOo/o -3.33% 
Low-profici( III 1 I Mil I I Mil I 
2 . 6 . 4 . 2 PRODUCTION PERFORMANCE 
The production performance was evaluated simply through the researchers' 
transcription of the subjects' production recordings. From the pretest to the posttest, the 
subjects improved in general for the production of the vowel /ae/, and the improvement 
found among the subjects trained under the HVPT was greater than those under the 
LVPT approach. It is however interesting to see that there was regression found among 
some subjects in the production of the vowel Id. Also, in each group, subjects with 
higher proficiency generally displayed larger percentage change (no matter increase of 
decrease) in the performance. The results are summarized in Table 2.7: 
, Table 2.7 , 
Average Percentage Difference between the Production Pre/Posttest Across Groups 
HVPT LVPT 
It! Iq! 1^1 ~ 
Mil h 11 h III I I m m i 
High-proficiency 2 J J U J U f 0.00% 20.00% 
Low-proficiency 1 6.67% 26.67% 
Low-proficiency 2 6.67% 6.67% 
Low-proficiency 3 | | | | ^ | | | | | | | | | | -3.45% " 10.00% 
Low-proficiency 4 -16.67% 3.33% 
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The subjects also had to read a passage with the two target vowels in Test of 
Contextualization (TC). Comparing the results in TC and the pretest, it was found that 
subjects under both approaches improved in general for the vowel /as/ and the HVPT 
group outperformed the LVPT. Some improvements were also observed for the vowel 
/e/，but two subjects with high proficiency showed a negative percentage of change in 
performance. Table 2.8 displays the difference in the subjects' performance: 
Table 2.8 
Average Percentage Difference between the Production Pretest and TC Across Groups 
HVPT LVPT 
“ I d 7x/ le/ 7^1 ~ 
High-proficiency 1 -16.67% 83.33% | | | | | | | | | | | | 
High-proficiency 2 H U m H -0.67% 10.00% 
Low-proficiency 1 26.67% 28.00% 
Low-proficiency 2 
Low-proficiency 3 H | | H | [ ^ H | | H 3.33% 8.00% 
Low-pro I n 00% 8.00% 
2 . 6 . 5 DISCUSSIONS & SUGGESTIONS 
The above findings may not be adequate enough for drawing on a solid conclusion 
for the effectiveness of the training approaches, but they had already given the 
researcher a preliminary understanding of the two training approaches and how English 
’ proficiency level may affect the results. Also, based on the results of this pilot study, ‘ 
improvements on the methodology used in the actual experiment can be modified to 
better the administration process of the study. A general picture of how well the subjects 
performed can also be obtained. 
Concerning the subjects' perceptual learning, observable individual differences 
among them were found, which was in line with many previous training studies (e.g. 
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Bradlow et al., 1997; Hazan et al., 2005). It implies that the effectiveness of a training 
approach may influence a particular group of subjects to different extents. It is worth 
noting that this pilot study employed only one or two subjects to represent one entire 
group, the results were hence not generalizable. The actual experiment conducted 
should recruit more subjects to allow fairer comparison of the subjects' performance and 
observe if any individual differences can be found in a larger pool of subjects. 
Interestingly, the subjects did not show any general improvement after the 
perceptual learning; rather, some even showed obvious regression. It may be due to the 
fact that the subjects could be in conftision since they were in a state of modification of 
their phonetic categories. The subjects may need further training sessions to enhance 
their learning, just like the Spanish subjects in Iverson and Evan's (2009) study who 
could improve up to a certain level only if more training sessions were given. This 
speculation however needs further proofs by investigating the intensity of training 
sessions on the subjects' performance, which is beyond the scope of this present study. 
Yet, the researcher would ascertain that the subjects would be given more sessions of 
training to avoid this possible influence. Also, it raised the researcher's attention 
‘ concerning the quality of the stimuli. Some subjects reported that some of the stimuli ‘ 
were not clear enough. The actual experiment would hence adopt some new sets of 
stimuli with higher quality to avoid possible interference derived from poor audio clips. 
Also, the HVPT group generally did better than the LVPT group in the two 
generalization tests. This preliminarily suggested that training using high-variability 
stimuli appeared to be more beneficial than using stimuli produced by a single talker. 
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Expanding the subject size in the actual experiment can help further confirm this claim. 
Perceptual learning had also been transferred to production. Most of the subjects 
improved in general. The HVPT group (improved from 6.67% to 66.67%) also 
outperformed the LVPT group (improved from 3.33% to 20.00%). However, some 
subjects did poorer in the posttest than in the pretest, and this phenomenon was found 
only for the vowel /e/, as those subjects who did poorer in the posttest started to 
substitute the vowel /ae/ for Id. This echoes with the findings in the pretest that the 
subjects may be in the midst of learning and their phonetic categories were in a state of 
development, hence they confused the contrast and even overleamed the vowel /ae/. 
This claim could be tested when more subjects were involved in the actual experiment. 
Moreover, the results in the Test of Contextualization showed that the HVPT group 
outperformed the LVPT group again, implying that stimuli with higher variability may 
give more advantages to the development of a new phonetic category. 
All in all, the HVPT approach was found to be more effective than the LVPT 
approach in improving the perception and production of the two English vowels. Also, 
the improvement in the production domain was greater than perception, suggesting that 
’ perceptual learning can be transferred to production, and the improvement in production * 
could even be larger. On top of this, the results showed that the high proficiency group 
generally outperformed the low proficiency group, implying that English proficiency 
level may have an influence on the perceptual learning of the subjects. All of these 
claims would be tested in the actual experiment. Based on this pilot study, the following 
research questions were set for the present study. 
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2 . 7 RESEARCH QUESTIONS 
RQl. Are the two phonetic training approaches, the HVPT and the LVPT, effective in 
improving native Cantonese speakers' perception and production of the English 
vowels Id and /ae/? 
RQ2. Which training approach, the HVPT or the LVPT, is more effective in improving 
the subjects' perception and production of the English vowels Id and /as/? 
RQ3. If the two training approaches are effective, can the effect be generalized to the 
perception of new words with the vowels Id and /ae/ produced by both familiar 
and new speakers, or to the production of the two vowels when in a more 
naturalistic environment? 
RQ4. What are the effects of English proficiency in different training groups in their 
perception and production of the English vowels Id and /a^/? 
RQ5. Is there any difference in the ease of perceptual identification or production of the 
vowels Id and /ae/? 
< 




3 . 1 RESEARCH SUBJECTS 
All the subjects were Secondary 6 students in a school located in Tseung Kwan O 
with English as the medium of instruction (EMI school). A total of 64 students, aged 
between 17 and 19，participated in the experiment. Since this research aims to 
investigate the link between speech perception and production as well as the 
effectiveness of a perceptual training approach in a group of Hong Kong secondary 
school students, the students had to be local Hong Kong Chinese with Cantonese as 
their LI and with no hearing and speaking deficit. The researcher had given them a 
simple survey form to fill in for confirmation of the above two criteria and for collecting 
information about their language background. 
So as to shed light on the research questions, the researcher grouped the subjects 
dually: a) according to their English proficiency levels in speaking and listening and b) 鑲 
according to the training methods utilized. Concerning the first way of grouping, their 
results in the English subject, particularly the grades in listening and oral papers, in a 
publicly-renowned and recognized examination, the Hong Kong Certificate Education 
Examination (HKCEE), were the criteria to determine whether they had high or low 
proficiency in English. In this study, the categorization of the proficiency was based on 
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the core focus on only the perceptual and production levels of English of the subjects. 
The overall result was not considered as it may not be a realistic reflection of the 
subjects' English proficiency particularly in the perceptual and production aspects. An 
average of the two papers was taken, i.e. the proficiency level was determined based on 
the average grade of the listening and speaking papers. After taking an average of the 
two papers, if it was found that they obtained an average level of 5 or above in the two 
papers (both paper should have at least Level 5), they were regarded as the 
high-proficiency group; whereas those obtaining an average level of 4 or below were in 
the low-proficiency group. Owing to the sole reliance on this examination result for 
determining their proficiency, Secondary 6 students were particularly chosen as they 
were fresh matriculated students who had just taken the exam (in May 2009). It made 
the examination result highly reflective of their actual English proficiency. However, 
there may still be flaws in this way of determining their real English proficiency; hence, 
three steps were taken to minimize any other confounding variables at work. 
Firstly, so as to ensure that the difference between the two proficiency groups was 
large enough for fair comparison in the present study, students obtaining an average 
level of 4.5 (one paper with Level 4 and one Level 5) were not recruited as the subjects. ‘ 
It means that the baseline for regarding the subjects as high-proficient and 
low-proficient were Level 5 and Level 4 respectively, when the average of the two 
papers was taken into account. This grouping was suggested by experienced English 
teachers at the secondary school, who proposed that getting Level 4 in the HKCEEE at 
present could no longer be regarded as high proficiency but instead low, after the 
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change of syllabus and curriculum. It hence justifies why students with an average of 
Level 4.5 were excluded since those with middle proficiency will interfere with the 
result if proficiency is a factor. 
Next, before the grouping, the researcher had ensured that their English-learning 
backgrounds and the relative exposure to English in either perception or production 
were similar for fair comparison. Thus, information about their English-learning 
experience, for instance, how many years they had been learning English; whether they 
have lived or stayed in any English-speaking countries; how much and where they have 
been exposed to English in their daily lives such as watching drama series or talking to 
native-speakers; how many English tutorial courses they are attending, etc., was 
collected through using the profile form with several related questions (summary in 
Appendix B). This was a fair step taken to allow their examination results to be a more 
reliable way of proficiency-labeling. 
Lastly, teachers' daily observations were also an authoritative indicator of the 
subjects' performance which reflected their daily English proficiency. Based on their 
English results in the HKCEE, the subjects were preliminarily placed into groups with 
either high or low proficiency in English. Their teachers were invited to do the pre-final * 
judgment on the grouping and offer reasons if they thought some of them should be in 
the other group. The researcher decided the final grouping based on the information 
provided by both the subjects and their teachers. 
On top of grouping them according to their English proficiency levels, they were 
also divided into three groups in accordance with the training methods adopted: 1) 
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subjects under the High-Variability Phonetic Training (HVPT) approach; 2) subjects 
under the Low-Variability Phonetic Training (LVPT) approach; 3) subjects without any 
training, i.e. the control group. They were randomly chosen within their proficiency 
group to enter one of the three groups. Hence, under this categorization, the 64 subjects 
were put in a total of six groups: 
1. Group Al - 9 subjects with high English proficiency trained under the HVPT 
2. Group A 2 - 13 subjects with low English proficiency trained under the HVPT 
3. Group B1 - 8 subjects with high English proficiency trained under the LVPT 
4. Group B 2 - 11 subjects with low English proficiency trained under the LVPT 
5. Group CI - 10 subjects with high English proficiency with no training 
6. Group C2 - 13 subjects with low English proficiency with no training 
The following table also shows a summary of their language backgrounds and 
other personal details in average: 
Table 3.1 




Group 丁ra+^i巧 Proficiency Gender Age L i s t e n i n g O r a l Staying l iv ing Studying Years of 
methods ^ abroad abroad abroad learning 
Al HVPT h i ^ 6F3M 17 s J e 5 0 0 0 13.89 
A2 HVPT low 6F7M 17.08 3.69 3.54 0 0 0 13.85 
B1 LVPT high 6F2M 16.63 5.25 5.25 0 0 0 13.88 
B2 LVPT low 5F6M 16.91 3.91 3.18 0 0 0 13.91 
CI Control high 9F1M' 17.1 5.2 5 0.03 0 0 14.1 
C2 Control low 10F3M 17.15 3.85 3.54 0 0 0 14 * 
3 . 2 RESEARCH DESIGN AND PROCEDURES 
3 . 2 . 1 T H E RESEARCH SETTING 
The tests and the training sessions of the present study took place in a language 
laboratory located at the subjects' school. The language laboratory was a 45-seated 
multi-media learning centre (MMLC) equipped with adequate facilities such as 
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computers with audio-playing and recording software, headphones, microphones, which 
will be more clearly stated in 3.2,3, the Materials section. These facilities were utilized 
in both the training and testing sessions. The researcher had ensured that the 
environment was quiet and well-equipped for the experiment to be finished successfully. 
The researcher and an IT technician were present as the assistants to ensure the proper 
use of all the equipment and software and as the problem-solvers to answer any 
enquires raised by any of the subjects during the training and testing sessions 
The study was done during mid October to early December, 2009. Since the 
school's MMLC was used as the language laboratory, students did find it more relaxed 
when participating in the experiment due to their familiarity with the place. All the 
subjects were given a consent form to fill in and confirm that the researcher had the 
access right to collect the experimental data and some basic personal information for 
research purposes. 
3 . 2 . 2 THE DESIGN IN DETAILS 
With a 3-phased "pretest-treatment-posttest" structure, the present study employed 
an experimental design in which two groups of target subjects took part in either the 
High-Variability Phonetic Training (HVPT) sessions or the Low-Variability Phonetic • 
Training (LVPT) sessions in two to three weeks, with also a control group receiving no 
treatment. All subjects had participated in these three phases: 
PHASE 1. Pretest Phase, which included 1 production pretest and 1 perception 
pretest; 
PHASE 2. Perceptual Treatment Phase with a total of 10 training sessions (either the 
HVPT or LVPT; except for two control groups) in which they attended 2 
sessions in a day; and finally, 
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64 subjects 
(Hong Kong Cantonese 
speakers of English) 
丨 ， 厂 丨 . ] . 
High-Variability Phonetic Training Low-Variability Phonetic Training 
(HVPT) (LVTT) Control 
^ j ‘ y 
匕 22 subjects L 19 subjects L 23 subjects 
- 9 wilhliigli proficiency - 8 with hi^ proficiency - 10 villi hi^ proficiency 
13 wifli low proficiency 匕 11 wifli low proficiency L 13 ^ ^ low proficiency 
^ O O . 
Phase 1: Pretest 
Production Pretest Perception Pretest 
Subjects identified the vowel in 70 words 
Subjects recorded 60 words from a word list (30 with the vowel Id and 30 with the vowel /ae/ 
(30 with the vowel Id and 30 with the vowel ltd) plus 10 distracters) 
out of 3 given choices and 1 blank for free answer 
Phase 2: Perceptual Training 
Subjects identified the vowel in 72 words 
(30 with the vowel Id and 30 with the vowel /a?/ 
plus 12 distracters) 
out of two choices; 
immediate feedback was given 
j HVPT training stimuli: i LVPT training stimuli: i 
[ produced by 6 English speakers � produced by 1 English speaker j 
O O 
Phase 3: Posttest 
Production Posttest . Perception Posttest 
same as pretest same as pretest • 
Test ofConteitualization Test of Generalization 1 
Subjects identified the vowel in 30 
neM- words produced by a nnv speaker 
(15 with the vowel Id and 15 with the vowel /ae/) 
Subjects recorded a passage called out of3_£iven choices and 1 blank for free answer 
"Anson, the bad cat ！ “ ^ — 
with 50 content words with the two target vowels Test of Generalization 2 
(25 with the vowel Id and 25 with the vowel /ae/) Subjects identified the vowel in 30 
neyv words produced by Bi familiar speaker 
(15 with the vowel Id and 15 with the vowel /ae/) 
out of 3 given choices and 1 blank for free answer 
Figure 3.1 Flowchart showing the research procedures and brief information about all the tests and 
training approaches used 
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PHASE 3. Posttest Phase with 1 production posttest, 1 perception post-test, 1 
production Test of Contextualization and 2 perception Tests of 
Generalization. 
The flowchart on the previous page summarizes and describes all the phases in 
which the subjects participated. Detailed information of the research procedures and 
materials adopted will be introduced in details later. 
3 . 2 . 2 . 1 BEFORE THE EXPERIMENT： PREPARATION 
Two weeks before the experiment began, the researcher visited the school to 
collect basic information of the students and their language backgrounds, for example, 
their English proficiencies, their willingness in taking part in the experiment, etc., 
before selecting suitable candidates and allocate them into appropriate groups. 
Before the Pretest Phase, the researcher ensured that the subjects understood the 
meanings and pronunciations of all the minimal pairs contrasting Id and /ae/ on a word 
list which were to be used in both the production and perception pretests. If there were 
any new words, the researcher would explain the meanings of the words and play the 
pronunciation clip of the word produced by a native speaker (General American accent) 
who would not be involved in any of the tests or training sessions of this study. This 
helped ensure that the pronunciation of the words can reflect their acquisition of the two * 
vowels instead of being based on guessing, and that the subjects could produce also 
other segments which they may not know apart from the vowel. Since the subjects had 
difficulties in distinguishing the two vowels in perception and production, and the clips 
were not played immediately before the production pretest, the possibility that the 
subjects were imitating directly from the audio clips was hence low. 
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So as to provide constructive and fair results, the researcher ensured that all the 
subjects were not overqualified in this research, i.e. having no problem in the perception 
and production of the two vowels, by immediately examining all the pretest results. 
3 . 2 . 2 . 2 PHASE 1: PRETEST PHASE 
The Pretest Phase involved two tests. One was the production pretest, which was a 
word-list reading task, and the other one was the perception pretest. All the subjects 
including the control group had to participate in both of the tests. So as not to make the 
language laboratory so crowded and noisy, at most 10 of the subjects could do the test in 
the language laboratory at a time. They also sat far away from each another to avoid 
disturbance from neighbours. 
3 . 2 . 2 . 2 . 1 PRODUCTION PRETEST: W O R D - L I S T READING 
Recordings adopted in the production pretest were played to the subjects directly 
before the perception pretest in order to avoid any cueing or exposure to the items 
which would appear in the perception pretest. This test was done in the language 
laboratory, with the use of a microphone and a recording software called Adobe 
Audition 1.5. Each time only at most five subjects were recording. 
In the production pretest, the subjects were given a word list of 60 words and had ‘ 
to record all the words by using the recording software. Some of the words in the word 
list would appear in the perception pretest whereas some were used as the training 
stimuli in the Treatment Phase. Thirty words had the vowel /e/ and the other 30 had /ae/. 
They were put in random order and ten more words with other vowels as distracters 
were also added to the word list. 
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The instructions of this production pretest were offered to the subjects in the form 
of five practice trials and they were reminded to produce them with natural loudness 
and speaking rate. They were not provided with any audio prompts or instructions 
during the articulation of the words. They could also pause the recording at any time 
they wanted and resume once they were ready to continue. This freedom in the test 
allowed the subjects to record based on their own pace and not to be under anytime 
pressure. Details about the word list or the recording programme used will be discussed 
in the Materials section. 
3 . 2 . 2 . 2 . 2 PERCEPTION PRETEST: IDENTIFICATION TEST 
The perception pretest was done in the language laboratory with all computers 
well-equipped with headphones. The subjects had to get access to a computer 
programme designed by the researcher to complete the test. The programme was 
installed in a public drive of the school before the pretest began to allow easy access to 
the programme. The subjects' answers were saved simultaneously into a database which 
synchronized all the newly-added answers in order to hold the most updated reference 
of the subjects' scores. . 
Each time at most ten subjects were doing the test together. The researcher offered ‘ 
brief instructions of the test to the subjects before they started and they could also read 
the instructions from the introduction page of the computer programme. With a view to 
letting the subjects feel relaxed, all the instructions or answers to enquiries were done in 
Cantonese. All the subjects were given 30 minutes to complete the entire task and they 
could play the audio clips repeatedly according to their own needs. This provided a 
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relaxing atmosphere with abundant time for them to complete the task. It was assumed 
that the practice effect deduced due to repeated playing of the recording would not be at 
work based on the assumption that the perceptual ability of the subjects did not vary 
even though much time was given. Unlike the training sessions which will be 
mentioned later, no immediate feedback was given in any of the test sessions. 
All the subjects had to listen to the test tokens produced by a female native English 
speaker in this test. They could change their answers whenever they would like to 
before they confirmed the answer by clicking the "Next" button, indicating that they 
could not change the answer afterwards. All the subjects were required to answer all the 
questions and they could not skip any since the computer programme was deliberately 
designed to suit this need. The researcher ensured that the subjects completed the entire 
test before they closed the programme, as their answers and results would be sent to the 
database immediately when the subjects had finished the test. 
There were 70 questions in total, 60 words with either Id or /ae/, plus ten 
distracters. In order to let the subjects get familiar with the test design, before the test 
began, they did five practice trials which were not analyzed. To answer the questions, 
they had to click the audio button for listening and choose the answer by clicking what ‘ 
they had heard from four choices, three with conventional English orthography and the 
last one a blank for free answer, in which they could type their own word. Note that the 
frequency of occurrence of the correct answer appeared in the four serial positions, i.e. 
word 1，word 2，word 3，free answer, were equal, allowing the chance level to be 
correctly and fairly inferred to be at 2 5 % . 
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This four-alternative answering test design has not been adopted in any previous 
studies (e.g. Lambacher et al, 2005; Logan et al., 1991) using the training approaches, 
the HVPT and the LVPT, and this new design was derived to avoid the flaws existed in 
offering only two-alternative forced choices for the subjects when it is used to evaluate 
their performance, which has been briefly analyzed in the Literature Review section. 
This new design can thus reveal the genuine performance of the subjects as it can avoid 
offering them 50% probability to guess the correct answer even if they could not 
perceive the sound or that they had different perceptions. A wider variety of choices can 
hence raise the reliability and the fairness of the data collected. 
Below is a sample of the four-choiced test items which better illustrates the design: 
——、脆 对毅編 
Question 2 / 7 0 
1 1 國 
I , Otfatf Anrret :" 
I • beck e back © book e | | 
广 — 一 ： 麵 , , M M P - _ : 
4 J I Next 
Question 1 / 7 0 
« 
J A 
I � Od>ei Aanra : 
I O any O Annie © Danny # cannyj 
• 4 - 1 Next I 
I 丨 - I 
Figure 3.2 Two captured images of the perceptual pretest -
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3 . 2 . 2 . 3 PHASE 2 : TRAINING PHASE 
3 . 2 . 2 . 3 . 1 T H E H V P T 
This was the identification training task which was administered twice in a day, 
thrice in the first week and twice in the second week, making a total of 10 training 
sessions. In between each training session on the same day, the subjects were given at 
least 30 minutes for rest. 
During the two weeks of the HVPT training, 22 subjects (high proficiency: n = 9; 
A2: low proficiency =13) were presented with 60 stimuli produced by six different 
native English speakers (three male and three female) with either more general British 
or American accents (more detailed information of the speakers will be shown in section 
3.2.3). The accents were particularly chosen since they were more comprehensible and 
prevalent among Hong Kong students as the education system widely promotes the use 
of these two accents as standards. Also, the researcher ascertained that minimal pairs 
with the two target vowel /e/ and /as/ produced by these speakers could be distinguished 
clearly and this was confirmed by three other native speakers who listened to confirm 
the quality of the words. Minimal pairs in which the American speakers did not have a 
difference in the production of the two vowels were eliminated. ‘ 
The stimuli were one of the counterparts in a minimal pair contrasting the two 
vowels (e.g. among "bed" /bed/ and "bad" /basd/, only one of them was chosen in one 
test item). The subjects had to identify which word the speaker was referring to by 
choosing among two-altemative forced choices. It is worth noting that the subjects were 
deliberately provided with only two-altemative forced choices in all the training 
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sessions. By doing this the subjects would be able to pay more attention to and focus on 
identifying only the two vowels perceptually without interference from other sounds. 
Unlike all the test sessions in which 4 choices were given for fairer results, the aim of 
having only two choices in the training session was hence clearly related to raising the 
intensiveness of the training effect. 
m I ^mm-丨“丨-
Qu-ben 1/72 2. The subjects could 
change Aeir answer 
ra if the "Submit" button P.S. The "Next" button was 
J ® / was not pressed fit«zed when the 
Z / z "Submit" button was 
1. Stimulus was played «.»>•«< •b«d , , not pressed 
when the ”Audio" button � • -. ! 
was pressed j ‘ • • • « • 
/ 1 — a — n 1 一-
JLi,72 3. Immediate foed^l 4. Subjects could cl ck 
丁 was given once the the'T^ext" bultoi 
r ^ "Submit" button when they were 
[ i f ] was p r e s s e d _ ready for the next que (don 
b»d / •loin 
乂 W I ~ ^^ r — 
»<*•« Th««ntr»»fi.b»d ^ M-* ^ Th*antw^ritiMm nmI 
Figure 3.3 Captured images of the training programme 
Figure 3.3 shows the captured images of the training programme and the steps that 
the subjects had to follow during the experiment. During training, immediate feedback 
was given to the subjects once they had confirmed their answers by clicking the 
"Submit" button. This ascertained that the answers revealed their real perceptual 
performance and could avoid any possible cheating. They could click the "Next" button 
if they would like to do the next question. This allowed the subjects to review and 
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re-listen to the correct answer if they would like to. Giving the subjects sufficient time 
between successive items allowed them to selectively attend to and elaborate on the 
acoustic cues (Martin et al., 1989). Besides the immediate feedback given after each 
trial, at the end of each training session, their total scores were shown to them and this 
can allow both the researcher and the subjects to keep track of the training progress as 
well as their performance. 
The occurrence of the words for the identification training was selective as the 
researcher had to ensure that all of the words appeared in the training at least five times, 
but half had the vowel Id and the other half /ae/. In other words, the questions were 
randomized in all the sessions and each word would appear once in a day (e.g. if "bed" 
/bed/ appear in the first session, then "bad" /bsd / would appear in the second session 
on the same day). 
3 . 2 . 2 . 3 . 2 THE L V P T 
Nineteen subjects (high proficiency: n = 8; low proficiency: n= 11) were trained 
under the LVPT approach. The training procedures were exactly the same as those in the 
HVPT. The only difference was in the training stimuli. The training stimuli were the 
same 60 words with either Id or /ae/, but they were produced by only one female native 
speaker of English. The subjects also had to do the identification task with immediate 
feedback during each training session. 
3 . 2 . 2 . 3 . 3 CONTROL 
Twenty-three subjects (high proficiency: n =10; low proficiency: n =13) were in 
the control group and they did not participate in any of the training sessions. They were 
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only present in pretests and posttests. 
3 . 2 . 2 . 4 PHASE 3 : POSTTEST 
3 . 2 . 2 . 4 . 1 PRODUCTION 
3 . 2 . 2 . 4 . 1 . 1 PRODUCTION POSTTEST: W O R D LIST READING 
This test was the same as the production pretest aforementioned. All the procedures 
followed those adopted in pretest. All the production posttests, i.e. including the Test of 
Contextualization, were all done before the perception posttests so that experimental 
groups' performance could be ensured to be attributed to the training effects. All 64 
subjects had to participate in the production posttest and Test of Contextualization. 
3 . 2 . 2 . 4 . 1 . 2 TEST OF CONTEXTUALIZATION ( T C ) : PASSAGE READING 
TC - Please record the following passage at a natural speaking rate. O 
Anson, the bad cat!. 
如son is a cat \diich lives 
at the comer of Ken's attic 
' P t ！ V as It rarely behaves well. It 
' ^ I r ^ t J ^ drops a pan of ham onto 
:‘法 么 J \ _ — 
、：，Z > � � 曰 / i ^ � � O n e day, a brave rat caUed Pat decides to 
: ^ ( • v - i•； 
• , � - � � play tricks on this bad fellou- As Pat know-s 
all the pens in Ken's bag. that Anson loves a valuable gem in Ken's • 
Though Anson is bad， U O j i home, Pat puts some jam and lettuce which 
i/X 
Anson loves on i t Some spicy black pepper 
. 广 ^--y— �� 
is also added! Guess what? Anson really ( y A 
eats the food when plapngwith the gem. V 臂 � 
It chokes and goes mad because of the N. \ 
black pepper, but it is just an accident V ^ ^ 
that it even swallows the gem^ Everyone ^ ^ ^ ^ ~ ~ - -
Figure 3.4 Excerpts of the passage used in the Test of Contextualization 
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Figure 3.4 shows the excerpts of the passage (the full version is in Appendix C) 
used in this task, Test of Contextualization. All the subjects were given a passage with 
about 250 words named "Anson, the bad cat!" which was composed by the researcher. 
The passage included 50 content words at elementary and intermediate level with the 
vowels Id and /ae/. It was certain that the subjects knew all the words already. The 
subjects were given some time to read and understand the whole passage before 
recording it. Simple pictures were drawn to describe the passage for easier 
understanding. They were asked to record the whole passage using the computer 
recording programme Adobe Audition 1.5. They were also reminded to read naturally, at 
their own pace and loudness. 
3 . 2 . 2 . 4 . 2 PERCEPTION 
3 . 2 . 2 . 4 . 2 . 1 PERCEPTION POSTTEST: IDENTIFICATION TEST 
This test was the same as the perception pretest aforementioned. All the procedures 
followed those adopted in the perception pretest. All the subjects had to participate in 
the perception posttest and the two Tests of Generalization. 
3 . 2 . 2 . 4 . 2 . 1 . 1 T E S T OF GENERALIZATION 1 ( T G I ) : IDENTIFICATION TEST 
In TGI, the subjects heard 30 new words spoken by a new speaker whose voice 
was not found in any of the training stimuli or the tests. The procedures were similar to 
those administered in the perception pretest, and they were also given 4 choices, 3 given 
choices and 1 open answer, to choose from. 
3 . 2 . 2 . 4 . 2 . 1 . 2 T E S T OF GENERALIZATION 2 ( T G 2 ) : IDENTIFICATION T E S T 
Different from TGI, in TG2, all the subjects had to listen to 30 new words spoken 
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by a familiar speaker, who had been one of the speakers in the training stimuli. The 
other procedures or materials used were the same as those used in TGI. 
3 . 2 . 3 MATERIALS 
Since this study involved a series of tests and different training procedures, 
different materials were created by the researcher to elicit the data. These included the 
training stimuli produced by a group of native English speakers, a computer programme, 
word lists for reading and survey forms. They are going to be introduced as follows. 
3 . 2 . 3 . 1 STIMULI 
A total of seven native English speakers (three female and four male) were invited 
to record a word list with minimal pairs contrasting Id and /ae/, which were used as the 
perceptual training stimuli and the test tokens in the perceptual pretests and posttests. 
An additional female native English speaker whose voice did not appear in any of the 
sessions was also invited to record all the words used in the experiment, which became 
the audio samples for the subjects to listen to if they did not know the pronunciation of 
the word. Here shows the basic demographic information of the eight native speakers: 
Table 3.2 
Summary of the Background Information of the Eight Native Speakers « 
Speaker Gender Age (range) Accent 
A Female 40-45 North American 
B Female 40-45 General American 
C Female 30-35 General American 
D Male 60-65 North East England 
E Male 30-35 General American 
F Male 35-40 South East England 
G Male 50-55 South East England 
H Female 20-25 General American 
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The stimuli made by six of the native speakers (Speaker A to Speaker F) 
contributed to both the perceptual pretest and posttest tokens as well as the perceptual 
training stimuli. The stimuli were pretested with a separate group of three native 
speakers of English to test their clarity and intelligibility. So as to double confirm that 
there was distinctive difference acoustically within a minimal pair, a selective acoustic 
analysis was done to ensure the vowel differences within a minimal pair. 
For the HVPT stimuli, each of the speaker involved had produced ten pairs of 
/e/-/ae/ minimal pairs with various consonant-vowel-consonant (CVC) contexts and 
syllable structures (mono-, di- and poly-syllabic), contributing a total of 60 stimuli (6 
speakers x 10 trials). This can ascertain that there were a wide variety of phonetic 
environments for the subjects to be exposed to. Since there was also a need for the 
LVPT, one of the six speakers (Speaker C) was invited to record all the tokens (i.e. 60 
minimal pairs) instead of only ten. All the productions made by this speaker were also 
utilized in all the perception tests, but all of them were randomized and arranged 
deliberately, but not in juxtaposition, so as to avoid any test-wise effect or the 
preconception of the contrast. The researcher also randomly chose half of the words 
with Id and half of the words with /ae/ for the test, i.e. the subjects would not to listen 
to any pairs at a time, but only one counterpart of the minimal pair. This made up a total 
of 60 questions from each of the tests. 
Moreover, one of the above six native speakers, i.e. a familiar speaker, was also 
invited to record a word list for Test of Generalization 2 (new words by a familiar 
speaker). The word list included 30 /e/-/ae/ minimal pairs which did not appear in the 
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training sessions. The last speaker who had not recorded anything for the training 
stimuli or the pretests or posttests, known as a new speaker, recorded another new list 
with 30 /e/-/ae/ minimal pairs for Test of Generalization 1 (new words by a new 
speaker). All the minimal pairs were put in different CVC contexts and words with 
different syllable structures were also included with a view to enriching the stimuli 
variability. 
Each speaker read the tokens at least thrice so as to avoid intra-speaker variability 
in vowel productions, which was found common in some earlier studies (Munro et al” 
2001). It avoided the use of a single token per speaker for the stimuli. The three tokens 
for each word were adopted in the training programme randomly while all the words in 
each training session were also arranged randomly. It could avoid any speaker effect 
that might arise when the subjects were only exposed to the stimuli produced by only 
one speaker at a time, as some studies (e.g. Logan et al., 1991; Lively et al., 1993; 
Lively et al., 1994) had reported on the influence of the speaker effect when the stimuli 
produced were arranged according to the speaker. The speaker effect would cause the 
subjects to obtain speaker-specific information rather than acoustic cues of the vowels, 
< 
which distorted the original purpose of the training programme. 
All the stimuli were made when the native speakers read to a headphone-mounted 
computer with Adobe Audition 1.5 software for digitalization. The words were 
separated and saved individually, digitalized at a sampling rate of 128Kbps with 44100 
Hz, normalized for peak amplitude before incorporating them into the computer 
software. The following table summarized all the speakers' work: 
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Table 3.3 
Summary of the Work of Speakers who Produced the Stimuli 
Training Adopted in Test tokens Adopted in 
stimuli 
Speaker A Set A HVPT 30 new words TG2 
(female) with Id or /ae/ 
Speaker B Set B HVPT N/A 
(female) 
Speaker C SetC HVPT Se tA-Fand All for LVPT; 
(female) * 10 distracters half for all 
perception tests 
Speaker D Set D HVPT N/A 
(male) 
Speaker E SetE HVPT N/A 
(male) 
Speaker F Set F and 5 HVPT N/A 
(male) practice tokens 
Speaker G SetG 30 new words TGI 
(male) with /e/ or /ae/ 
Speaker H N/A S e t A - F Audio prompts 
(female) 
Note. Each set of training stimuli contained 10 minimal pairs contrasting the two vowels. The distracters 
were used for the pretests and posttests, but not the training sessions 
3 . 2 . 3 . 2 COMPUTER TRAINING PROGRAMME 
A computer training programme was designed by the researcher and written by a 
computer engineering programmer for both the training sessions and the test sessions. 
The system could avoid any possible cheatings that would happen with the use of paper 
and pen and ensure that all the subjects would complete all the questions before each 
session ended since the system would remind those who had not completed to finish all. ‘ 
Appendix D shows all the words used in the 10 training sessions. 
3 . 2 . 3 . 3 W O R D LIST FOR READING 
In the production pretest and posttest, the subjects were given a list of 60 words 
with vowels /e/ and /ae/ plus ten distracters. These 60 words appeared also in the 
training sessions and the subjects would have to record them. The words were again put 
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in random order to ensure that they were not juxtaposed which may remind them of the 
contrast between the two vowels. 
The words were tested in a pilot study done by the researcher (findings of the pilot 
study was reported in Chapter 2) and those that posed more difficulties among several 
subjects, which may not be in the vowel production but in the production of other 
segments, were eliminated. Appendix C shows the word list which were adopted in the 
study and the instructions written in both English and Chinese. 
3 . 2 . 3 . 4 TECHNOLOGICAL EQUIPMENT 
Adobe Audition 1.5, a digital audio computer programme, was used to record and 
edit the audio clips made by the speakers for stimuli. It was also used to record all the 
productions made by the subjects. This programme was chosen as it could produce 
high-quality audio files and would be suitable for converting the data into spectrogram 
files for further analysis. This programme had been set up in the language laboratory in 
the school, and the subjects were taught the basic operation necessary for the tests. 
3 . 2 . 3 . 5 SURVEY FORMS 
As stated, the minimization of individual differences was necessary to allow more 
reliable grouping of the proficiency level of the subjects in the present study. Hence, a ‘ 
survey form which asked for the subjects' basic personal information, language 
background, English learning experience and daily English usage and habit, etc., was 
prepared to achieve the purpose. The complete survey form with also a consent form 
attached is shown in Appendix A, followed by a summary of the subjects' language 
background information. 
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3 . 2 . 4 DATA PROCESSING 
3 . 2 . 4 . 1 DATA TRANSCRIPTION 
3 . 2 . 4 . 1 . 1 PROCEDURES 
The production data of the pretests and posttests of all the subjects were 
transcribed in narrow phonetic transcription by the researcher twice. One other 
phonetically-trained researcher was also invited to check the inter-rater reliability by 
doing 10% of the transcriptions. The intra-rater reliability was 94.74% while the 
inter-rater reliability reached 96.57%. 
The word list transcription was straightforward, but the productions of the Tests of 
Contextualization, i.e. sentences in context (TC), were selective. For TC, the researchers 
only transcribed the target words phonetically, i.e. the 50 content words with vowels /e/ 
and /ae/ and any other sounds with the two vowels. 
So as to confirm any subjective perceptions done by the researchers and to reveal 
acoustic properties which are hard to determine, the data was also analyzed acoustically 
by using the Praat speech analysis software (Boersma & Weenink，2002), which gives 
spectrometric representations of the sounds. By using this software, the first three 
formant frequencies and the temporal measurements of the vowels were checked to ‘ 
evaluate how similar the subjects were producing the target vowels to native 
productions. Productions by the subjects were also used to compare to those produced 
by the native English speakers invited for the recording of training stimuli. This could 
allow a contrastive analysis be done and suggest whether the posttest productions had 
become more native-like after participating in the training programme. Moreover, by 
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analyzing the data acoustically, the production performance of the subjects could be 
measured as a follow-up to the transcription reliability and become some of the 
evidence for or against the effectiveness of both the HVPT and the LVPT training 
approaches. 
3 . 2 . 4 . 1 . 2 RELIABILITY CHECKING 
3 . 2 . 4 . 1 . 2 . 1 AIM 
The entire analysis on the production performance relied solely and heavily on the 
phonetically transcribed data, which "may not necessarily be an accurate reflection of a 
subject's actual speech output" (Van Borsel, 1989). Monitoring the consistency of the 
transcribed data would thus be crucial to the reliability and validity of the presentation 
and analysis of the subjects' production performance. 
In the present study, the Pearson correlation of two sets of transcription was 
examined to check the reliability of the transcriptions: the higher the coefficient, the 
more reliable the data; while the transcribers of the data were of similar phonetic 
training backgrounds to yield consensual validity of the transcription (Perry, 2005; 
Shriberg, Kwiatkowski & Hoffmann, 1984). It is central to setting the threshold of 
production performance analysis. * 
3 . 2 . 4 . 1 . 2 . 2 INTRA-RATER RELIABILITY 
The productions of all the subjects were transcribed twice by the researcher with 
Cantonese as LI and English as L2. The interval between each transcription was about 
one to one and a half months. The original transcription was not referred to when the 
second transcription was done. The intra-rater reliability was calculated by using the 
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total number of target productions produced by all the subjects in the second 
transcription divided by the first trial of transcription. The reliability was 96.57%. Also, 
to further determine the transcription consistency, the correlation coefficient of the two 
transcriptions was computed and the Pearson correlation was obtained as r = .982 (p 
< .0001). It implies a very high consistency in the intra-rater judgment. 
3 . 2 . 4 . 1 . 2 . 3 INTER-RATER RELIABILITY 
About 10% of the subjects (seven subjects) were also randomly selected and their 
production recordings were transcribed for an inter-rater reliability check. Their 
productions, in MPEG-1 Audio Layer 3 format, were given to a phonetically trained 
PhD student in Applied English Linguistics with Cantonese as LI and English as L2 to 
transcribe the data phonetically. The reliability check was done without referring to any 
completed transcriptions and it was 94.74%. The Pearson correlation was also obtained 
a s r = .907 {p < .0001). This figure was high and the disagreement in transcription was 
reached between the raters upon discussions on the three transcriptions made. 
Although both the intra-and inter-rater reliabilities were high and consensus were 
reached upon discrepancies of transcriptions, it is worth noting that both the transcribers 
were still non-native speakers of English. So as to uplift the validity of the transcriptions, ‘ 
a follow-up selective acoustic analysis was done to check whether both transcriptions 
align with the acoustic measures. The details of the acoustic analysis will be introduced 
in section 4.3.5. 
3 . 2 . 4 . 2 DATE SCORING 
Data scoring was necessary when the results of the perception identification tests 
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were considered. Straightforward counting of the vowels produced was used to allow 
more convenient processing of data. 
3 . 2 . 5 DATA ANALYSIS 
The research questions were answered by doing a quantitative analysis of the data 
collected, and the statistical software SPSS 16.0 was used. Analysis of variance 
(ANOVA) and correlation tests were run to compare the performance of different 
groups with different factors. The data were also analyzed by comparing the frequency 
counts, the percentage and the mean of target responses to give a preliminary picture of 
how the subjects performed. 
< 
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CHAPTER 4 
RESULTS AND FINDINGS 
4 . 1 INTRODUCTION 
The current study aims to test and compare the effectiveness of both the 
High-variability Phonetic Training (HVPT) approach and the Low-variability Phonetic 
Training (LVPT) approach on the perceptual identification and production performance 
of the vowels Id and /as/. By comparing and contrasting the pretest and the posttest 
results of the two trained groups and the control group, two main research questions -
whether the phonetic training approaches are effective (RQl) and how effective they are 
(RQ2) - will be answered. As the generalizability of the training effects (RQ3) on both 
perception and production is also one of the research questions, the results of the 
generalization and contextualization tests administered after the posttest will be 
separately analyzed. 
Besides answering the above three main research questions concerning the 
effectiveness of the training approaches, other factors which are also of interest in this • 
research will also be considered. The effect of English proficiency on the subjects' 
performance will be a factor for investigation (RQ4). Interactional effects of various 
variables, say the effect of vowels on different training or proficiency groups, will be 
another focus of analysis for shedding light on the complication underlying each factor 
(RQ5). The results of the perceptual (4.2) and production (4.3) performance will be 
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separately reported in the following sections which both act as the basis for analysis and 
answering the research questions in Chapter 5. 
4 . 2 PERCEPTUAL PERFORMANCE 
This section presents the results of the four perceptual tests of the three groups of 
subjects. Results of statistical analysis on different factors will also be reported. An 
overview of the general performance will be shown in 4.2.1，followed by the statistical 
results of the effect of the training approach in 4.2.2 and the effect of proficiency and 
vowel difference in 4.2.3. 4.2.4 concerns a separate analysis of the generalizability of 
the training approaches while 4.2.5 will be a summary of the entire section. Various 
tables and figures are incorporated into the following parts, allowing visual comparison. 
4 . 2 . 1 OVERALL PERFORMANCE 
Table 4.1 
Mean Scores and Mean Percentage of all Four Perceptual Tests (Pretest, Posttest, Test 
of Generalization 1 & 2) across different Training Groups and Proficiency Groups 
Perceptual Performance 
Group Proficiency Pretest % P o s t t e s t % f ^ % f ^ %~~ 
S^core: 60.00 60.00 30.00 30.00 
HVPT High 30.56 50.93% 43.67 72.78% 24.67 82.22% 24.67 82.22% 
Low 22.92 76.41 % 
I a^emle: 30.55 ‘50.91% 42.22 70.36% 24.37 81.24% 23.79 79.32% 
•I LVPT High 31.01 51.68% 37.40 62.33% 21.14 67.92% 21.57 70.42%^ 
Low �1_:.?_< :^/? 36.00 60.00% 20.45 68.18% 20.82 69.39% 
L VPT " " " ” 
gyerage: 30.91 51.52% 36.70 61.17% 20.80 68.05% 21.19 69.91% 
Trained 
group 30.73 51.22% 39.46 65.76% 22.59 74.64% 22.49 74.61% 
average: 
-Con t ro l High 30.20 50.33% 30.50 50.83% 15.60 52.00% 15.70 52.33% 
^ _L_ow 31.69 52.82% 30.92 51.54% 17.15 57.18% 17.46 58.21% 
^ = 二 : 3 0 . 9 5 5 1 . 5 8 % 3 0 . 7 1 5 1 . 1 9 % 1 6 . 3 8 5 4 . 5 9 % 1 6 . 5 8 5 5 . 2 7 % 
Control 
group 30.95 51.58% 30.71 51.19% 16.38 54.59% 16.58 55.27% 
average: 
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The overall results of perceptual identification performance for the HVPT, LVPT 
and control groups are shown in Table 4.1 (for a detailed version with individual 
subject's scores and percentages, see Appendix E). This table shows the mean 
percentage of correct identification for all the four perceptual tests, the pretest, the 
posttest, the Test of Generalization 1 (TGI), and the Test of Generalization 2 (TG2), of 
the three groups of subjects and it shows that the two trained groups both had an 
improvement in general from the pretest to the posttest and the two Tests of 
Generalization. The control group only displays similar results for all four tests (51.58% 
for the pretest, 51.19% for the posttest, 54.93% for the TGI and 55.65% for the TG2), 
showing the possible fluctuation of performance over time without any training. Figure 
4.1 offers a visual comparison: 
100% n 
90% -
§ 80% - H — . 
•I 70% - | — f l ^ ― I •Pretest 
• 60/� • ^^ ^ • Posttest 
鳩 - • • • • - • n 
40% - • • • • • • •TGI 
illilJl 
HVPT LVPT Control * 
Groups 
Figure 4.1. Mean percentages of correct perceptual identification performance for two trained groups and 
control subjects in the pretest, the posttest and two Tests of Generalization (TGI & TG2). 
For the HVPT group, an overall increase of 19.45% from the pretest (50.91%) to 
the posttest (70.36%) was observed. The improvement was maintained also in the two 
Tests of Generalization (81.06% and 78.79% for the TGI and the TG2 respectively). An 
increase of 14.30% from the pretest (51.24%) to the posttest (65.54%) was also found in 
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the LVPT group. Their identification accuracies in the two TGs, however, were 
remained close to the percentage of correct identification scores in the posttest (68.07% 
for the TGI and 69.82% for the TG2). On average, both the HVPT and the LVPT 
groups showed improvements after the perceptual training, while the HVPT group 
outperformed the LVPT subjects in terms of both the posttest and the TG identification 
accuracies and the percentage of improvement. These figures have offered a general 
picture of the subjects' performance, while statistical computing in the following 
sections allows more thorough analysis and understanding of the data. 
4 . 2 . 2 EFFECTS OF THE TRAINING APPROACHES 
4 . 2 . 2 . 1 GENERAL OVERVIEW 
Table 4.2 
Mean Test Scores, Mean Percentage, and Mean Difference of all the groups in 
Perceptual Pretest and Posttest 
Perceptual Performance 
Group Pretest % Posttest % Difference % 
= 6 0 60 
HVPT 30.55 50.91% 42.22 70.36% 11.67 19.45% 
c 
H LVPT 30.915 51.57% 36.52 60.72% 5.605 9.15% 
Trained 
group 30.73 51.24% 39.37 65.54% 8.64 14.30% 
average: , 
I Control 30.945 51.58% 30.71 51.19% -0.24 -0.39% 
3 Control ” 
group 30.95 51.58% 30.71 51.19% -0.24 -0.39% 
average: 
This section will delve deeper into the effectiveness of the training approaches, 
which was achieved by comparing the change of performance made by the two training 
groups and the control group. If both the trained groups are found to have more 
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significant improvement than the control group, the training approaches can said to be 
effective; a comparison between the amount of improvement made by the HVPT and 
the LVPT groups will also imply which one is more effective, in turn answering both 
research questions 1 and 2. Table 4.2 displays the averaged pretest and posttest scores 
and the respective percentage of all three groups. In terms of percentage gain from the 
pretest to the posttest, the two training groups outperformed the control group and the 
HVPT group outperformed the LVPT group by more than 10%. 
*** *** n.s. 
§80- • • 丁 
• • 
T • • T • T DPre-test 
_ L p-L, • J T —Post-test 
0) ___ 丄 ___ ^ ^ r~*~~i H I 
U 
#40- 丄 丄 丄 
30-
, 1 1 
HVPT LVPT Control 
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Figure 4.2. Mean percentages of correct identification of the three groups with significant difference 
between the pretest (white boxes) and the posttest (dark boxes) [*** =p< 0.001] and non-significant 
difference between the pretest and the posttest (n.s. =p> .05). The horizontal dashed line indicates the 
chance level performance. « 
Figure 4.2 shows a box-and-whisker plot which visualizes the distribution of the 
perceptual performance of all three groups of subjects in both the pretest and the 
posttest. The upper and lower boundaries of the box represent the upper quartile and the 
lower quartile of the performance of that test in the group respectively, while the line 
inside the box means the median. The two extended whiskers from the box indicate the 
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maximum and minimum values of the perceptual scores in the group. 
The white boxes show that the three groups' performance in the pretest was close 
to each other, with the LVPT group having a wider difference between the lowest and 
the highest scores. The median values were significantly higher in the posttest than the 
pretest for both training groups while that in the control group had only minor change. 
The median, upper and lower quartiles of the HVPT group are also higher than the other • 
two groups. The range of scores in the posttest had widened for all three groups, with 
the HVPT group having the largest difference. Hence, the order of the three groups' 
performance in the posttest could preliminarily been set: HVPT > LVPT > Control. A 
more detailed statistical analysis will be presented in the following sections. 
4 . 2 . 2 . 2 STATISTICAL ANALYSIS 
Table 4.3 
Summary of Main Effects of Group and Test, and their interaction in 3 ^ 2 ANOVA 
Effects df Mean Square F p 
Group 2 896.984 11.658*** .000 
Test 1, 2611.572 62.089*** .000 
Group X Test 2 1071.798 25.482*** .000 
Error (within groups) 61 42.062 
Note. **• p < .0001 
To determine whether there are any changes in the perceptual identification « 
accuracies of the three groups of subjects as a first glimpse of the training effect, a 
two-way analysis of variance (ANOVA) was computed. Table 4.3 above shows this 
two-way ANOVA using group (HVPT, LVPT, Control) and test (pretest, posttest) as 
factors. It showed highly significant main effects of group [F(2,61) = 11.658,/? < .0001] 
and test [尸(1，61) = 62.089,/? < .0001], due to the overall identification accuracy of the 
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two trained groups from the pretest to the posttest. There was also a significant Group x 
Test interaction [F(2,61) = 25.482,/? < .0001] as shown in Table 4.3. The significant 
effect of group indicates that the performance between groups was significantly 
different from each other. However, since the pretest results were also included in this 
ANOVA, we cannot get a genuine picture of how well the subjects were performing 
after the training, which was shown in the results of the posttest. Any post hoc test 
administered at this stage to check the significance difference between groups would 
hence be unfair due to the inclusion of the pretest results. 
Table 4.4 
Summary of Means and Standard Deviations of All the Groups in the Pretest and the 
Posttest and the Results of Simple Effects Test on Group x Test Interaction 
Groups 
HVPT LVPT Control Simple Effects: 
(N = 22) (N=19) (N = 23) 
Pretest Mean 50.91% 51.58% 51.74% 
SD 6.90% 6.86% 6.43% 
Posttest Mean 69.92% 60.26% 51.23% 
26 599*** 
SD 10.72% 8.96% 5.42% 
Simple Effects: 
F 94.56*** 17.033*** .070 
df{\M) 
Note. *** p < .0001 
Post-hoc pairwise comparisons (Bonferroni) on the Group x Test interaction, as 
« 
displayed in Table 4.4，showed a significant difference between groups in the posttest 
[^(2,61) = 26.599, p < .0001] but not in the pretest {p = .910). The insignificant pretest 
results indicated that there was no significant difference in performance between the 
three groups, which had laid a fair ground for further comparison of the posttest results. 
Moreover, a significant effect of test was found with both the HVPT [F(2,61) = 94.560, 
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P < .0001] and the LVPT [F(2,61) = 17.033,/? < .0001] groups, but not with the control 
group {p = .792), indicating that only improvements observed in the two trained groups 
were valid for analysis. 
As mentioned, the difference of the posttest performance between the groups are 
worth paying attention to as it can reveal whether the difference between each group 
was statistically robust for further investigation. A one-way ANOVA was computed to 
compare the posttest performances of all three groups and the results are summarized in 
Table 4.5 below. Significant differences were observed between the posttest 
identification accuracies of the HVPT group and the LVPT group (p = .002), the HVPT 
and the control (p < .0001) as well as the LVPT group and the control group (p = .004). 
It reveals that after the perceptual training, the two trained groups performed 
significantly better than the control group (mean difference = 18.69% for the HVPT 
group and the control group; 9.03% for the LVPT group and the control group), while 
the HVPT group also had more significant improvement than the LVPT group (mean 
difference = 9.66%). In general, the percentage performance in the posttest phase of the 
two training groups was around 60-70%, with near 20% of significant improvement in 
the HVPT group and around 10% of robust improvement in the LVPT group. ‘ 
Table 4.5 
Bonferroni Comparison for the Posttest Performance of All Groups 
Mean Difference 95% Confidence Interval 
Comparisons Standard Error p 
(Former - latter) Lower Bound Upper Bound 
HVPT vs. LVPT 9.66%*** 2.69% ^ 3.04% 1 6 . 2 9 % ~ ~ 
HVPT vs. Control 18.69%*** 2.56% .000 12.38% 25.00% 
LVPT vs. Control 9.03%*** 2.66% -• .004 2.47% 15.59% 
Note. ***jD<.0001 ; * / ? < . 0 5 
PERCEPTION AND PRODUCTION OF ENGLISH VOWELS 87 5 
4 . 2 . 3 EFFECTS OF THE PROFICIENCY LEVEL AND VOWEL DIFFERENCE 
4 . 2 . 3 . 1 GENERAL OVERVIEW 
Table 4.6 shows the perceptual performance of the two vowels separately across 
different proficiency groups (a table with individual performances is in Appendix F). 
Table 4.6 
Mean Scores and Mean Percentage of Perceptual Identification of the Vowels /e/and 
/sd/ of Different Proficiency Groups in the Pretest and the Posttest 
Perceptual Performance 
^ ^ 
Proficiency Pretest % Posttest % Pretest % Posttest % 
Total Score: 30.00 30.00 30.00 30.00 
I H i S 16.69 55.65% 19.81 66.05% 14.09 46.96% 20.72 69.06% 
£ Low 15.64 52.14% 19.45 64.83% 15.03 50.12% 18.94 63.12% 
I High 17.50 58.33% 17.10 57.00% 12.70 42.33% 13.40 44 .67% 
c 
u Low 17.46 58.21% 17.15 57.18% 14.23 47.44% 13.77 45 .90% 
For the two trained groups, the subjects with both high and low proficiency of 
English had a general noticeable improvement in identifying the two vowels from the 
pretest to the posttest, while the control group's performance remained stable. 
Concerning the trained groups, the high proficiency subjects did slightly better than the 
low proficiency ones in the posttest for both vowels, but the difference in improvement 
for the vowel /e/ was greater among the low proficiency group (12.69%) than the high 
« 
proficiency group (10.4%). 
Concerning the vowels, it is found that the identification of the vowel /as/ was not 
as accurate as the identification of the vowel /e/ in the pretest for all the subjects. While 
it came to the posttest, the improvement made in identification of the vowel /ae/ among 
the trained subjects, however, surpassed the identification of the vowel Id by 11.7% 
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and 0.31% for the high proficiency group and the low proficiency group respectively. 
4 . 2 . 3 . 2 STATISTICAL ANALYSIS 
With a view to gaining further insight into whether the proficiency level of the 
subjects and the difference in the vowels also had an effect on the subjects' perceptual 
performance after the training, statistical analyses of the pretest and the posttest results 
for the HVPT and the LVPT were done separately. It was achieved by running a 
three-factor repeated measures ANOVA with test (pretest, posttest) and vowel (/e/ 
and /«/) as the repeated measures and proficiency (High, Low) as within-groups factor. 
The results of this statistical analysis of the HVPT and the LVPT groups are presented 
separately below. 
4 . 2 . 3 . 2 . 1 T H E H V P T GROUP 
Table 4.7 
Mean Scores (Mean Percentage in brackets) and the respective Standard Deviations of 
Perceptual Identification of the Vowels /e/and/as/of the HVPT group in the Pretest and 
the Posttest 
Mean scores of 
Vowel Proficiency / � e t e s t 奶 ^ Posttest Mean difference 
(score=30) (score=30) (Posttest - Pretest) 
^ HiJ； r ^ 2L44 125 J m 
(56.67%) '(9.28%) (71.48%) (10.82%) (14.81%) 
Low 14.92 2.14 20.08 2.72 5.16 
(52.14%) (7.13%) (64.83%) (9.07%) (12.68%) ‘ 
/ae/ High 13.56 3.25 22.22 4.02 8.66 
(46.96%) (10.82%) (69.06%) (13.41%) (22.10%) 
Low 15.62 1.04 20.69 4.17 5.07 
(50.12%) (3.48%) (63.12%) (13.90%) (13.01%) 
/e/ + /ae/ High 30.56 5.86 43.66 6.89 13.10 
(score=60) (N = 9) (50.93%) (9.76%) (72.77%) (11.49%) (21.84%) 
Low 30.54 2.67 40.77 6.09 10.23 
(N= 13) (50.90%) (4.44%) (67.95%) (10.14%) (17.05%) 
/e/ + /ae/ Average of 30.55 4.14 - 42.22 6.43 11.67 
(score 二 60) High and Low (50.92%) (6.90%) (70.36%) (10.72%) (19.45%) 
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Table 4.7 offers the mean scores, mean percentage and the standard deviations of 
the two vowels in the pretest and the posttest respectively across different proficiency 
groups trained under the HVPT approach. A three-factor repeated measures ANOVA 
was conducted to confirm whether the effects of the factors are significant, which is 
summarized in Table 4.8. 
Table 4.8 
Summary of Different Main Effects and Interactions in 2x 2 ANOVA for the HVPT 
group 
. 
Effects df Mean Square F p 
Test 1 8048.823 68.566*** .000 
Proficiency 1 125.487 .594 .450 
Vowel 1 27.282 .715 .408 
Test X Proficiency 1 122.56 1.044 .319 
Proficiency X Vowel 1 233.343 6.114* .023 
Vowel X Test 1 253.847 70.017* .015 
Test X Proficiency x Vowel 1 273.039 7.547* .012 
Error (within groups) 20 211.434 
Note. •** p < .0001; • < .05 
The ANOVA showed that in the HVPT group, the main effect of test was highly 
significant [F(l,20) = 68.566,/? < .0001] since there was an overall leap of 19.45% 
improvement from the pretest to the posttest. Nevertheless, neither the effect of 
proficiency nor the vowel was significant. It implies that the subjects' improvement 
within the group did not differ much, let alone their proficiency level of English (an 
increase of 21.85% for high proficiency group and 17.05% for low proficiency group); 
the average improvement in the identification of the vowel /e/ (16.21% increase) 
and /ae/ (21.82% increase) was also close from the pretest to the posttest. Test x 
Proficiency interaction was also not significant. 
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Figure 4.3. Mean percentages of perceptual identification of the vowels Id and /ae/ of different 
proficiency groups. It shows the interaction between Vowel x Proficiency. 
Table 4.9 
Summary of Means and Standard Deviations of all the groups and the Results of Simple 
Effects Test on Vowel x Proficiency Interaction 
Proficiency Groups 
High ^ S i m p l e E f f e c t s : 
F 
Vowel (N = 9) (N= 13) #(1，20) 
Mean56.67% 52.14% /e/ -3 017 SD 9.28% 7.13% 
, , Mean 46:96% 50.12% 
/ae/ 059 
SD 10.82% 3.48% ‘ 
Simple Effects: 
F 4.658* 1.618 
df(\,20) ‘ 
Note. *p<.05 . 
The two variables, proficiency and vowel, alone did not show significant effects; 
yet, the interaction of Vowel x Proficiency was significant [F(l,20) = 6.114�/? = .023], 
conveying that one proficiency group may identify one vowel more accurately than the 
other vowel in general. It is shown in Figure 4.3 above. A follow-up simple effects test 
was done to test the claim. The result, which is summarized in Table 4.9 above, showed 
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that the high proficiency group did show slight significance [F(l,20) = 4.658,p = .043] 
in identifying the vowel Id more accurately than I忠I (mean difference = 4.44%), 
averaged in the pretest and the posttest; while for the low proficiency group, vowel had 
no significant effect. Nevertheless, if only the posttest result was considered and another 
two-way ANOVA with only vowel and proficiency as factors was run, no main effects 
and interaction showed significance. 
Table 4.10 
Summary of Means and Standard Deviations of all the groups and the Results of Simple 
Effects Test on Test x Vowel Interaction 
Test 
Simple Effects: 
Pretest Posttest F 
Vowel fiy(l’20) 
Mean52.58% 68.79% /e/ s? 14A*** 
SD 8 . 6 0 % 9 . 8 4 % .丄奶 
, ； Mean 49.24% 71.06% 
/ae/ 55 0S4*** 
SD 7.96% 13.62% 
Simple Effects: 
F 11.677** 1.039 
df(h20) 
Note. ***p < .0001; **p< .005 
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Figure 4.4. Mean percentages of correct identification of the vowels Id and /ae/ in the pretest and the 
posttest. It shows the interaction between Test x Vowel. __ 
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Table 4.10 above shows another significant interaction, the interaction of Test x 
Vowel [F(l,20) = 7.017,;? = .025]. Figure 4.4 also illustrates this interaction. This 
interaction was significant as both vowels were significantly more accurately identified 
(p < .0001) from the pretest to the posttest, with the vowel /ae/ having more 
improvement than /e/，which was confirmed by a test of simple effects. The significant 
interaction was also attributed to the significant difference between the perception of the 
two vowels in the pretest, which however, did not occur in the posttest. 
Test X Vowel x Proficiency interaction [F(l,20) = 7.547,/? = .012] also showed 
significance: both the high and low proficiency groups showed improvements in the two 
vowels from the pretest to the posttest, and all the interactions were highly significant (p 
< .0001). The F value was the highest in the perception accuracy of the vowel /ae/ from 
the pretest to the posttest in the high proficiency group [尸(1,20) = 37.049,/? < .0001] and 
the mean difference was also the highest among all proficiency groups and vowels. The 
following table summarizes the interactions: 
Table 4.11 
Summary of Test x Vowel x Proficiency Interaction 
Mean Percentage in 
Vowel Proficiency Pretest Posttest Mean difference Standard « 
(Posttest • Pretest) Error ^ P 
Hijl 56.67% 71.48% 14.82% ^ 1 8 . 9 2 1 * * * ； 0 0 ^ 
Low 49.74% 66.92% 17.18% 2.834 36.752*** .000 
/ae/ High 45.19% 74.07% 28.89% 4.746 37.049*** .000 
Low 52.05% 68.97% 16.92% 3.949 18.364*** .000 
^ 
Note. *** p < .0001 
4 . 2 . 3 . 2 . 2 THE L V P T GROUP 
The LVPT approach provides the subjects with perceptual stimuli produced by only 
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a single speaker, and its effectiveness is to be compared to the HVPT approach which 
has stimuli produced by multiple speakers. Table 4.12 provides a general picture of the 
mean scores and mean percentage of the LVPT group in the pretest and the posttest: 
Table 4.12 
Means Scores, Mean Percentages (in brackets), and the Respective Standard Deviations 
of Perceptual Identification of the Vowels /e/and /as/of the LVPT Group in the Pretest 
and the Posttest 
Mean scores of 
Vowel Proficiency Pretest SD Posttest SD Mean difference 
(Posttest - Pretest) 
Total score: ^ 30 
^ Hi^i L ^ LS 
(54.63%) (5.62%) (60.61%) (9.91%) (5.98%) 
Low 16.36 2.84 18.82 3.25 2.45 
(54.55%) (9.46%) (62.73%) (10.83%) (8.18%) 
/ae/ High 14.62 2.93 19.21 4.27 4.59 
(48.73%) (9.75%) (64.05%) (14.23%) (15.32%) 
Low 14.45 2.62 17.18 2.86 2.73 
(48.18%) (8.74%) (57.27%) (9.52%) (9.09%) 
/e/ + /ae/ High 31.12 2.36 36.38 5.53 5.26 
(score=60) (N = 8) (51.88%) (3.93%) (60.63%) (9.21%) (10.65%) 
Low 30.82 5.51 36.00 5.53 5.18 
( N = l l ) (51.36%) (8.59%) (60.00%) (9.22%) (8.64%) 
, , , , Average of 
/e/ + /ae/ High and 30.95 5.53 36.16 5.53 5.79 
(scorc=60) Low (51.58%) (6.86%) (60.26%) (8.96%) (9.64%) 
Table 4.13 
Summary of Different Main Effects and Interactions in 2x 2x 2 ANOVA for the LVPT 
group • 
— = 
Effects Df Mean Square F p . 
Test 1 1400.060 13.323** .002 
Proficiency 1 5.981 .036 .851 
Vowel 1 265.816 4.228 .055 
Test X Proficiency 1 .060 .001 .981 
Proficiency x Vowel 1 83.360 1.326 .265 
Vowel X Test 1 159.656 2.507 .132 
Test X Proficiency X Vowel 1 114.042 1.791 .198 
Error (within groups) 17 164.320 .. 
Note. **p< .005 
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The three-factor ANOVA stated above was computed and the results were shown in 
Table 4.13 above. This ANOVA showed that there was only a robust main effect of test 
[/^(1,17) = 13.323,/? = .002] in the LVPT group, due to the overall improvement of 
9.64% of the perceptual performance of the subjects from the pretest to the posttest. 
Main effects of proficiency and vowel were nevertheless not significant, and so were all 
other the interactional effects. 
4 . 2 . 3 . 3 SUMMARY 
From the above analysis, it can be found that the effects of proficiency and vowel 
alone are not significant in the change of perceptual identification performance for both 
the HVPT and the LVPT groups. The interactions of some variables did have 
significance, suggesting that the variations of the identification performance may 
probably due to two or more variables simultaneously at work. The following table 
summarizes and compares the performance of the HVPT and the LVPT groups by 
showing the averaged difference (posttest % - pretest %) of identification accuracies of 
the two vowels in the pretest and the posttest across both proficiency groups: 
TABLE 4.14 
Average Difference (Posttest % - Pretest %) of Identification Accuracies of the Two 
Vowels of the HVPT and the L VPT Groups * 
Averaged difference (Posttest % - Pretest %) 
in perceptual performance 
HVPT LVPT 
/e/ /ae/ /e/ + /ae/ Id /ae/ /e/ + /ae/ 
Proficiency Mean Mean 
High 14.81% 22.10% 21.84% 5.98% 15.32% 10.65% 
Low 12.68% 13.01% 17.05% 8.18% 9.09% 8.64% 
Mean 13.75% 17.56% 7.08% 12.21% 
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4 . 2 . 4 GENERALIZABILITY OF THE TRAINING 
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Figure 4.5. Mean percentages of correct identification of the three groups in TGI 
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Figure 4.6. Mean percentages of correct identification of the three groups in TG2 
The design of the two Tests of Generalization is for the purpose of testing the 
external validity of the training approaches. TGI involved the adoption of new words 
spoken by a new speaker while TG2 had new words spoken by a familiar speaker, and 
both were administered immediately after the perception posttest. Figure 4.5 and 4.6 
above show the percentage identification scores of the two TGs. 
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4 . 2 . 4 . 1 TEST OF GENERALIZATION 1 ( T G I ) 
TABLE 4.15 
Mean Perceptual Identification Scores and Percentage of the Two Vowels across 
Different Training Groups and Proficiency Groups in TGI 
Perceptual Performance in TGI 
^ ^ 
Group Proficiency Scores % Scores % 
严 15 15 Score: 
HVPT High 90.37% i U l 74.07% 
Low 12.77 85.13% 11.31 75.38% • 
HVPT 
"S 13.16 87.75% 11.21 74.73% c average: 
•I LVPT High 11.79 78.62% 9.35 62.34% 
Low 10.45 69.70% 10.00 66.67% 
LVPT 
11.12 74.16% 9.68 64.51% average: 
TVmmng 12.14 80.95% 10.44 69.62% 
average: ‘ 
_ Control High 9.50 63.33% 6.10 40.67% 
I ^ 9.31 62.05% 7.85 52.31% 
^ C 她 9 . 4 0 6 2 . 6 9 % 6 . 9 7 4 6 . 4 9 % 
average: 
Table 4.15 above displays the perceptual identification scores and percentage of the 
two vowels across different training groups and proficiency groups in TG1 (a detailed 
table showing individual raw scores and percentage of all the subjects is in Appendix G). 
All the groups identified the vowel Id better than the vowel /ae/. The figures also show 
that the two trained groups in average outperformed the control group for 18.26% for 
the vowel Id and 23.13% for /ae/. The HVPT group in average obtained a higher score ‘ 
for the vowel Id than the LVPT group; in contrast, the LVPT group in average obtained 
a higher score for the vowel /ae/ than the HVPT group. Subjects with high English 
proficiency also had higher identification accuracies than those with low proficiency. 
So as to investigate the effects of various factors on the subjects' performance, a 
three-factor ANOVA with group (HVPT, LVPT, control) and proficiency (High and Low) 
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as between factors and vowels (/e/ and /ae/) as a within factor was done, shown here: 
Table 4.16 
Summary of Different Main Effects and Interactions in 3 x 2 x 2 ANOVA 
Effects df Mean Square F p 
Group 2 7787.860 23.868*** .000 
Proficiency 1 41.632 .128 .722 
Vowel 1 5369.546 37.304*** .000 
Group X Proficiency 2 146.730 .450 .640 
Proficiency x Vowel 1 991.934 6.891* .011 
Vowel X Group 2 90.734 .630 .536 
Group X Proficiency X Vowel 2 45.234 .314 .732 
Error (within groups) 58 143.941 
Note. ***p<.0001;*p<.05 
This three-factor ANOVA showed a highly significant effect of group [F(2,61)= 
23.868,/? < .0001]. Post-hoc (Bonferroni) test showed that the performance between 
groups was significant: HVPT > LVPT (mean difference = 12.99%; p = .006); HVPT > 
Control (mean difference = 26.13%; p < .0001); LVPT > Control (mean difference = 
12.14%; p = .005). It indicates that both trained groups performed better than the control 
group, while the HVPT subjects also had higher accuracies than the LVPT in the TGI. 
A robust effect of vowel [F(l,61) = 31.160,;? < .0001] was also found, with Id 
being substantially more accurately identified than /ae/. The interaction of Vowel x 
< 
Proficiency was also significant [F(l,61) = 8.079,p = .006]. Post-hoc pairwise 
comparison (Bonferroni) indicated that both the high [F(l,61) = 32.949,/? < .0001] and 
low [F(l,61) = 7.196,/? = .010] proficiency groups identified the vowel Id more 
accurately than /as/ in the test. Nonetheless, the effect of proficiency and the interactions 
of both Group x Vowel and Group x Proficiency were not significant. The following 
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table shows the result of the interaction Vowel x Proficiency and the simple effects test: 
Table 4.17 
Summary of Means and Standard Deviations of all the Groups and the Results of Simple 
Effects Test on Vowel x Proficiency Interaction 
Proficiency 
Simple Effects: 
Vowel High Low F 
卯 ， 5 8 ) 
, , Mean 76.30% 72.43% 
/e/ 1 
SD 18.98% 18.13% � 
, , Mean 57.28% 64.68% 
/ae/ 3 184 
SD 21.02% 17.06% ‘ 
Simple Effects: 
F 32.949*** 7.196** 
# ( 1， 5 8 ) 
Note. ***p<.000\; **p< .05 
4 . 2 . 4 . 2 TEST OF GENERALIZATION 2 ( T G 2 ) 
TABLE 4.18 
Mean Perceptual Identification Scores and Percentage of the Two Vowels across 
Different Training Groups and Proficiency Groups in TG2 
Perceptual Performance in TG2 ^ ^ 
Group Proficiency Scores % Scores % 
= 1 5 15 
HVPT H i ^ : U M 8 2 . 9 6 % 81.48% 
Low 10.77 71.79% 12.15 81.03% 
1 aZZ： 11.61 77.380/q 12.19 81.25o/o 
2 LVPT High 10.64 70.92% 10.93 72.89% 
Low 8:91 59.39% 11.91 79.39% 
LVPT 
av � 9.77 65.160/0 11.42 76.14% ‘ 
1 = 二 : 1 0 . 6 9 7 1 . 2 7 % 1 1 . 8 0 7 8 . 7 0 % 
—Control High 8.10 54.00% 7.60 50.67% 
I 8.38 55.90% 9.08 60.51% 
^ 8.24 54.950/0 8.34 55.59o/o 
Test of Generalization 2 was the second extra test administered in the posttest 
phase in an attempt to test the external validity of the training approaches. Results are 
summarized in Table 4.18 above (refer to Appendix G for individual subject 
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performance). As in TGI, the trained groups in average performed better than the 
control group, for 16.32% for the vowel Id and 23.11% for the vowel /ae/. The HVPT 
group again did better than the LVPT group in identifying the vowel Id while the LVPT 
did better than the HVPT group in the vowel /ae/. The high proficiency group 
outperformed the low proficiency group for both vowels. 
With regard to the subjects' performance in TG2, the same three-factor ANOVA 
with group (HVPT, LVPT, control) and proficiency (High and Low) as between factors 
and vowels (/e/ and /as/) as a within factor showed that the main effect of group was 
significant [F(2,61) = 27.103,/? < .0001]. The HVPT group again outperformed the 
LVPT group with slight significance (mean difference = 8.9630%; p = .033); it also had 
a higher mean scores than the control group (mean difference = 23.1358%; p < .0001), 
and so did the LVPT over the control group (mean difference = 14.1728%; p < .0001). 
Meanwhile, vowel was also a slightly significant effect [F(l,61) = 4.894，p = .031], 
due to a more general accurate identification of the vowel /ae/ than Id. Vowel x 
Proficiency interaction was significant [F(l,61) = 9 . 8 5 6 , = .003] and simple effects 
test showed that only the more accurate identification of the vowel /ae/ than Id in the , 
low proficiency group had significance. In addition, this group was also performing 
significantly better than the high proficiency one (p = .027) in identifying vowel /ae/. 
Yet, the effect of proficiency and the interactions of Vowel x Group, Group x 
Proficiency, and Vowel x Group x Proficiency were not significant. Tables 4.19 and 
4.20 summarize the above findings. 
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Tables 4.19 shows the results of the ANOVA while Table 4.20 shows the results of 
Vowel X Proficiency interaction and its simple effects test. 
Table 4.19 
Summary of Different Main Effects and Interactions in 3 ^ 2 ^ 2 ANOVA 
Effects df Mean Square F p 
Group 2 6453.531 27.136*** .000 
Proficiency 1 3.198 .013 .908 
Vowel 1 767.627 5.811* .019 
Group X Proficiency 2 379.070 1.594 .212 
Proficiency X Vowel 1 1231.735 9.324** .003 
Vowel X Group 2 248.025 1.878 .162 
Group X Proficiency x Vowel 2 84.670 .641 .530 
Error (within groups) 58 132.101 
Note. *** p < .0001; **p< .005; * p < .05 . 
Table 4.20 
Summary of Means and Standard Deviations of All the Groups and the Results of Simple 
Effects Test on Test x Vowel Interaction 
Proficiency 
Simple Effects: 
High Low F 
Vowel ^/(1,58) 
Mean68 .40% 62.52% /e/ 'iQ/� 
SD 1 8 . 3 6 % 1 5 . 5 0 % 幻 帅 
, , Mean 66.91% 73.33% 
/ae/ 3 271 
SD 18.72% 15.55% • 
Simple Effects: 
F .179 17.714*** 
#(1，58) 
Note. * • * p < .0001 
4 . 2 . 4 . 3 SUMMARY 
The results in TGI and TG2 were fairly consistent with the results in the posttest, 
with the HVPT group outperforming the other two groups. Vowel was also a significant 
factor influencing the test results while proficiency again did not have any robust effect 
on the subjects' performance. Interestingly, Vowel x Proficiency was always the 
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significant interaction in both generalization tests for the low proficiency group, 
indicating that this group of subjects tended to have a more asymmetrical distribution of 
Id and /ae/ identification accuracy than that of the high proficiency group. 
4 . 2 . 5 SUMMING UP THE RESULTS IN PERCEPTUAL IDENTIFICATION TESTS 
The above statistical analyses shed lights on the interpretation of the effectiveness 
and the generalizability of the training approaches on improving the perceptual 
identification of the vowels /e/ and /as/. In general, subjects with training did 
considerably better than those without, and the HVPT group also did generally better 
than the LVPT group, implying the genuine effect of the two phonetic training 
approaches on improving the perceptual categorization of the vowel contrasts. Since 
some factors or interactions other than training itself were found to be significant, it 
would be intriguing to find out how these factors were at work simultaneously and 
influenced the subjects' performance. All these will be discussed in Chapter 5. 
Before interpreting the results in the perceptual aspect, it is noteworthy to also 
examine the results of the production tests so as to have a more all-rounded picture of 
the efficacy of the training approaches" Since if the production performance is 
< 
influenced after the perceptual training, that is, there is implicit transfer of perceptual 
learning to production, implications to links between the perception and production of 
sound categories emerged can be deduced. It can certainly draw rich discussions in both 
experimental phonetics and psycholinguistics. The next section elucidates the results 
and statistical analyses of the production performance of all the groups, which includes 
the posttest and Test of Contextualization. 
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4 . 3 PRODUCTION PERFORMANCE 
This section presents the results of the three production tests of all the subjects. A 
presentation of an overview of the production results will be shown in 4.3.1. Following 
this will be 4.3.2，the effect of training, while 4.3.3 is about the effect of proficiency 
level and vowel on the production performance, which were both represented in terms 
of statistical analysis. 4.3.4 gives the production performance of the subjects in the 
contextualization test, followed by 4.3.5, a general review of the whole section. 
4 . 3 . 1 OVERALL PERFORMANCE 
Table 4.21 
Mean Scores and Mean Percentages of all Three Production Tests (Pretest, Posttest, and 
Test of Contextualization) across Different Training Groups and Proficiency Groups 
Production Performance 
Group Proficiency Pretest % Posttest % TC % 
二 : : 6 0 . 0 0 6 0 . 0 0 5 0 . 0 0 
HVPT Hiih 37.44 6 2 . 4 1 % 8 3 . 8 9 % 37.78 75.56% 
Low 37.08 61.79% 46.62 77.69% 35.31 70.62% 
1 a feZfe : 37.26 62.10% 48.47 80.79% 36.54 73.09% 
2 LVPT Hiii 6 0 . 3 9 % 4 4 5 1 7 4 . 1 8 % 36.39 73.00% 
Low 36.73 61.21% 38.27 63.79% 31.91 63.82% 
LVPT 
average: 36.48 60.80% 41.39 68.98% 34.15 68.41% 
Trained 
group 36.87 61.45% 44.93 74.89% 35.34 70.75% 
average: 
^ Control High 36.30 60.50% 36.70 61.17% 34.40 68.80% * 
^ Low 32.46 54.10% 32.77 54.62% 29.54 59.08% 
o Control 
。 隱 a g e : 3 4 . 3 8 5 7 . 3 0 % 3 4 . 7 3 5 7 . 8 9 % 3 1 . 9 7 6 3 . 9 4 % 
Control 
group 34.38 57.30% 34.73 57.89% 31.97 63.94% 
average: 
The mean scores and percentages of the vowel production of all groups in the 
pretest, the posttest and Test of Contextualization are displayed in Table 4.21 (all raw 
scores and percentages are in Appendix H). Figure 4.7 visualizes the above data: 
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Figure 4.7. Percentage of target production performance for two trained groups and control subjects in the 
pretest, the posttest and Test of Contextualization (TC). 
Both the HVPT and the LVPT groups showed an improvement in the production of 
the target vowels from the pretest to the posttest: the HVPT group increased from 
61.45% to 74.89% (an increase of 18.69%) while the LVPT improved from 60.80% to 
68.98% (an increase of 13.03%). The control group did not have much change as the 
result in the posttest was only 0.59% higher than the pretest. In general, the two trained 
groups both showed salient improvement of their production of target vowels after the 
perceptual training and the HVPT group had a greater improvement than the LVPT. 
Test of Contextualization (TC), which was not designed to be compared 
within-groups but between-groups, was an extra test aiming to offer further insights on 
< 
whether the production performance can be maintained under a more naturalistic 
context after perceptual training. Presented as the mean percentages, the TC results of 
the three groups show that the production of the two vowels in a context was done best 
among the HVPT group (72.64%), followed by the LVPT (67.68%) and the control 
group (63.30%). It is worth noting that the percentage scores of both the HVPT and the 
LVPT groups in TC were, however, lower than that of the posttest by 8.15% and 7.02% 
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respectively, signifying that the training effect was context-dependent. 
The confusion matrices in the next few pages summarize the production pretest 
and posttest performance of the HVPT, the LVPT, and the control groups. Their 
productions were pooled across two variables, the target production (/e/ or /ae/) in rows 
mapping to their actual performance in columns. The tables show the sum of responses, 
the overall percentages and the difference in the pretest and the posttest performances of • 
all groups. The bolded numbers are the productions made by the subjects which were 
the same as the targets. Note that only less than 5% of the responses were not either the 
vowel Id or /ae/, implying these were perhaps a misreading of the word list rather than 
new pairs of confusion in vowel contrasts and they were excluded from this analysis. 
The three tables show that both the HVPT and the LVPT groups had a general 
improvement from the pretest to the posttest and both groups had more improvements in 
the production of the vowel /ae/ than Id. For the HVPT group, the percentage of the 
performance of the vowel Id increased from 77.73% to 93.64% (an increase of 15.91%) 
and the vowel /ae/ from 46.36% to 66.82% (an increase of 20.45%). The improvement 
from the pretest to the posttest of the HVPT group surpassed that of the LVPT group: * 
there was only a 6.14% (from 85.96% to 96.11%) increase of performance for the vowel 
/e/ and a 7.72% (from 35.44% to 43.16%) increase for the vowel /ae/ from the pretest to 
the posttest. On the contrary, the control group experienced a decrease of 2.32% for the 
vowel Id and an increase of 3.77% for the vowel /ae/, which could be regarded as only 
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4 . 3 . 2 EFFECTS OF THE TRAINING APPROACHES 
4 . 3 . 2 . 1 GENERAL OVERVIEW 
TABLE 4.25 
Average Production Performance of All the Subjects across Groups and Proficiency 
Production Performance 
Group Proficiency Pretest % Posttest % D i f f e r e n c e % 
= 60 ^ 
HVPT Hi^h 37!44 6 2 . 4 1 % 8 3 . 8 9 % 2 1 . 4 8 % 
Low 37.08 61.79% 46.62 77.69% 9.54 15.90% 
HVPT 
I average: 37.26 62.10% 48.47 80.79% 11.21 18.69% 
' I LVPT High 36.23 60.39% 44.51 74.18% 8.28 13.79% 
Low 36.73 61.21% 38.27 63.79% 7.55 2.58% 
LVPT 
gyerase: 36.48 60.80% 41.39 68.98% 4.91 8.18% 
Trained 
group 36.87 61.45% 44.93 74.89% 8.06 13.44% 
average: 
Control High 36.30 60.50% 36.70 61.17% 0.40 0.67% 
I Low 32.46 54.10% 32.77 54.62% 0.31 0.51% 
a 34.38 57.30% 34.73 57.89% 0.35 0.59% 
Control 
group 34.38 57.30% 34.73 57.89% 0.35 0.59% 
average: 
To examine the possibility of transfer of the subjects' perceptual learning from 
different training approaches in distinguishing the /e/-/a2/ contrast onto the production 
without any production trainings or instructions, the performance of the productions in 
the pretest and the posttest were compared. The remaining parts of Research Questions 
€ 
1 and 2 can be answered if significant improvement could be observed across groups. 
Table 4.25 summarizes the production performance of the subjects in the pretest 
and the posttest as well as the difference between the two tests across different training 
groups. The control group's performance stayed very stable, with only a slight 0.59% of 
change in performance. Contrarily, the HVPT group showed an average of 18.69% of 
improvements while the LVPT group had an increase of 8.18%. Upon a paired t-test 
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analysis, highly significant difference between the pretest and the posttest results of the 
HVPT group was found; a slightly high significant difference was obtained within the 
LVPT group while the results of the control group were non-significant. 
100-' . . . ^ 
• • n. s. 
I T 
•-C 80- 丁 丁 
• T | | T 
I [ ] " T - ^ H I DPre-test 
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Figur^e 4.8. Percentage of target production of the three groups with significant difference between the 
pretest (white boxes) and the posttest (dark boxes) [•** =p< 0.001; *•=/?<.01] or non-significant 
difference between the pretest and the posttest (n.s. =p> .05). The horizontal dashed line indicates the 
chance level performance. 
The box-and-whisker plot in Figure 4.8 ftirther illustrates the distribution of the 
production results. The lines in the white boxes show that the medians of the pretest 
among the three groups were different within a range of 10%, and the distribution of 
subjects between the upper and the lower quartiles is also similar. While in the posttest, ‘ 
the control group only had a very slight change but the medians of both the HVPT and 
the LVPT groups increased by more than 20% and 15% respectively. The upper quartile 
of the HVPT group has even been increased to higher than 90% and the LVPT group 
higher than 70%. It is worth noting that the gap between the upper and the lower 
quartiles of the two training groups has increased, hinting that the subjects have a rather 
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wide range of performance even when improvements were shown for some subjects in 
general. The following sections report the statistical analysis of the production 
performance across different training and control groups. 
4 . 3 . 2 . 2 STATISTICAL ANALYSIS 
One part of the queries that is addressed in Research Question 1 is whether any 
positive effects could be observed after the subjects have participated in different 
training programmes, which can be achieved by running a two-way ANOVA with group 
(HVPT, LVPT, control) and test (pretest and posttest) as factors and its result is shown 
in Table 4.26: 
Table 4.26 
Summary of Main Effects of Group and Test, and Their Interaction in 3x2 ANOVA 
Effects df Mean Square F p 
Group 2 2192.268 8.781*** .000 
Test 1 2330.645 68.624*** .000 
Group X Test 2 887.808 26.141*** .000 
Error (within groups) 61 33.963 
Note. **• p < .0001 
This analysis showed significant main effects of group [F(2,61) = 8.781,/? < .0001] 
and test [F(l,61) = 68.624，/? < .0001] as well as significant interaction of Group x Test 
[F(2,61) = 26.141,p< .0001]. Post-hoc pairwise comparisons (Bonferroni) on the , 
Group X Test interaction showed the difference between groups in the posttest was 
significant [F(2,61) = 15.361,/? < .0001], but not in the pretest {p = .188). Significant 
effect of test was also obtained with the HVPT [F(2,61) = 61.0,P< .0001] and the 
LVPT groups [F(2,61) = 61.0，p = .001], but not with the control group {p = .737). In 
other words, only the HVPT and the LVPT groups' improvements were significant. 
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Table 4.27 below shows the mean percentage and standard deviations of the results 
across groups and the result of the simple effects test on the interaction Group x Test: 
Table 4.27 
Summary of Means and Standard Deviations of All the Groups in the Pretest and the 
Posttest and the Results of the Simple Effects Test on Group x Test Interaction 
Groups 
HVPT LVPT Control Simple Effects: 
F 
(N = 22) (N= 19) (N = 23) dfjlfiX) 
Pretest Mean62.05% 60.70% 56.88% . 
1 720 
SD 9.540% 9.40% 10.00% 
Posttest Mean 8023% 67.63% 57.46% 
15 361*** 
SD 15.86% 14.67% 10.52% 
Simple Effects: 
F 107.048*** 13.427** .114 
df{\M) , 
Note. ***p < .0001; **p< .005 
Table 4.28 
Summary of the One-way ANOVA of the Posttest Performance of All Groups 
95% Confidence Interval 
Comparisons Mean Difference Standard Error p 
Lower Bound Upper Bound 
HVPT vs. LVPT 12.59%* 4.32% ^ 1.97% 23 .22%^ 
HVPT vs. Control 22.76%*** 4.11% .000 12.64% 32.88% 
LVPT vs. Control 10.17% 4.27% .061 -.35% 20.69% 
Note. ***/?<.0001; *p<.05 
It is worth comparing also only the posttest results of all three groups with a view 
to showing which training approach was more effective and whether the improvements ‘ 
are significant when comparing the data between-groups. A one-way ANOVA was done 
to compare the means of the three groups' posttest results. The results are shown in 
Table 4.28 above. The difference between the posttest performance of the HVPT and the 
LVPT was significant {p = .015)，the HVPT with the control was highly significant {p 
< .0001) but the LVPT with the control group was not (p = .061). A conclusion can be 
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drawn: the HVPT group performed significantly better than both the LVPT (10.59% 
higher) and the control group (18.1% higher), yet the production results between the 
LVPT and the control group was non-significant. 
4 . 3 . 3 EFFECTS OF THE PROFICIENCY LEVEL AND VOWEL DIFFERENCE 
4 . 3 . 3 . 1 GENERAL OVERVIEW 
Table 4.29 
Mean Scores and Mean Percentage of Production Performance of the Vowels /e/and 




Proficiency Pretest % Posttest % Pretest % Posttest %~~ 
S^ core: 30.00 30.00 30.00 30.00 
？ High 25.17 83.90% 28.16 93.86% 11.67 38.89% 19.26 64.21% 
c 
.2 
H Low 23.85 79.51% 27.62 92.05% 13.05 43.50% 14.83 49.43% 
o High 28.70 95.67% 27.50 91.67% 7.60 25.33% 9.20 30.67% 
o 
� Low 28.46 94.87% 28.00 93.33% 4.00 13.33% 4.77 15.90% 
Table 4.29 shows the summarized version of a table in Appendix I showing the 
individual performances of each group of subjects. The two trained groups with both 
high and low proficiencies improved the production of the two vowels from the pretest 
to the posttest, whereas the control group had a stable performance (around ±50/0 « 
change). The trained high proficiency group improved by 9.96% for the vowel Id and 
25.32% for the vowel /ae/, which was less than the improvement for the vowel Id 
(12.54%) of the low proficiency group but more for the vowel /as/ (5.93%). 
In the pretest, the production of the vowel Id was highly accurate (more than 79%) 
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for all the groups while the performance for the vowel /as/ was relatively lower and 
highly varied (from 13.33% to 43.5%); in the posttest, the production of the vowel Id 
was over 90% for all groups and the production of the vowel /as/ was 49.43% for the 
trained low proficiency group and 64.21% for the trained high proficiency group while 
the control group's performance was similar to the pretest's. 
4 . 3 . 3 . 2 STATISTICAL ANALYSIS 
As mentioned in the research questions 4 and 5, the influence of proficiency level 
and the difference in vowels are also factors that are under investigation in the present 
study. Similar to the examination of the two factors on the perceptual performance, the 
present statistical analysis on the proficiency and vowel factors was accomplished by 
computing a three-factor ANOVA with test (pretest and posttest) and vowel {Id and /ae/) 
as repeated measures and proficiency (High and Low) as within-groups factor. Note that 
this analysis was done separately for the HVPT and the LVPT groups. 
4 . 3 . 3 . 2 . 1 T H E H V P T GROUP 
Table 4.30 on the next page shows the mean scores and the corresponding 
percentage of the production results of the HVPT group. The mean differences for both 
< 
vowels were over 11% for the two proficiency groups, and the greatest improvement 
was found for the vowel /ae/ among the high proficiency subjects (31.11 %). The high 
proficiency group did better than the low proficiency group in the vowel /ae/ production 
but not for the vowel /e/. The significance of all these observations was tested by the 
three-factor repeated measures ANOVA, reported in Table 4.31. 
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Table 4.30 
Means Scores, Mean Percentage (in brackets), and the Respective Standard Deviations 
of Production of the Target Vowels lei and /x/ of the HVPT Group in the Pretest and the 
Posttest 
Mean scores of 
, , , „ ~ . Pretest Posttest „„ Mean difference Vowel Proficiency , SD ‘ • SD /n ‘…n …� � ( sco re=30) (score=30) (Posttest - Pretest) 
^ Hiii 3M Lsi 156 
(81.11%) (10.27%) (92.96%) (6.11%) (11.85%) 
Low 22.62 5.44 28.23 1.01 5.62 
(75.38%) (18.13%) (94.10%) (3.38%) (18.72%) 
/ae/ High 13.11 7.32 22.44 8.60 9.33 
(43.70%) (24.41%) (74.81%) (28.68%) (31.11%) 
Low 14.46 9.74 18.38 10.61 3.92 
(48.21%) (32.45%) (61.28%) (35.40%) (13.08%) 
/e/ + /ae/ High 37.44 4.978 50.33 8.43 12.89 
(score=60) (N = 9) (62.41%) (8.30%) (83.89%) (14.04%) (21.48%) 
Low 37.08 6.409 46.62 10.25 9.54 
(N= 13) (61.79%) (10.68%) (77.69%) (17.09%) (15.90%) 
/e/ + /ae/ Average of 37.23 5.74 48.14 9.52 11.21 
(score=60) High and Low (62.05%) (9.57%) (80.23%) (15.86%) (18.69%) 
Table 4.31 
Summary of Different Main Effects and Interactions in 2 x 2 ANOVA for the HVPT 
Group 
Effects df Mean Square F p 
Test 1 7431.025 82.535*** .000 
Proficiency 1 246.590 .404 .532 
Vowel 1 17753.722 13.009** .002 
Test X Proficiency 1 . 165.835 1.842 .190 
Proficiency x Vowel 1 26.272 .019 .891 
« 
Vowel X Test 1 246.609 1.675 .210 
Test X Proficiency x Vowel 1 824.382 5.598* .028 
Error (within groups) 20 610.079 
Note. ***p< .000a; **p< .005; *p<.05 
In the HVPT group, the main effect of test was highly significant [F(l,20)= 
82.535,/? < .0001], due to the overall 21.48% of improvement from the pretest to the 
posttest. The effect of vowel was also significant [尸(1,20) = 13.009, p = .002], since the 
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vowel /e/ was more accurately produced than the vowel /ae/ in both tests. However, the 
effect of proficiency was not significant, indicating that the preliminary difference in the 
performance of the two proficiency groups was not statistically robust. Test x 
Proficiency, Test x Vowel and Vowel x Proficiency interactions were also not 
significant. 
Only the interaction Test x Proficiency x Vowel was significant [F(l,20) = 5.598,/?. 
=.028], hinting that the production performance was highly context dependent. A 
simple effects test showed that both the high and low proficiency groups had 
improvements of the two vowels from the pretest to the posttest, and the differences in 
the performance were all significant. It is noteworthy that the performance was most 
robust in the high proficiency group in the production of the vowel /ae/. The table below 
displays the interactions and the level of significance of the difference in performance 
from the pretest to the posttest across vowels and proficiency levels: 
Table 4.32 
Summary of Test x Vowel x Proficiency Interaction 
Mean Percentage in 
” , … Mean difference Standard 
Vowel Proficiency Pretest Posttest F p 
• (Posttest - Pretest) Error 
/e/ High 81.11% 92.96% 11.85% 4.85% 5.968* .024 . 
Low 75.38% 94.10% 18.72% 4.50% 21.503*** .000 
/ae/ High 43.70% 74.82% 31.11% 5.40% 33.156*** .000 
Low 48.20% 61.28% 13.08% 4.04% 8.462** .009 
Note. *** p < .0001; •*p<.01;*/j< .05 
4 . 3 . 3 . 2 . 2 THE L V P T GROUP 
The production performance of the LVPT group, categorized according to vowels 
and proficiency levels, are shown in Table 4.33 below. The mean differences of the 
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posttest minus the pretest results were positive for the production of the vowel /e/ in 
both high and low proficiency groups and the vowel /ae/ in the high proficiency group, 
showing slight improvements; but it was negative for /ae/ in the low proficiency group, 
representing that there was a little regression in performance (-1.21%) after the training. 
Moreover, the high proficiency group did consistently better than the low proficiency 
group for both vowels, and the difference in the percentage of improvement was far 
larger particularly in the production of the vowel /as/ (20.00% vs. -1.21%). 
Table 4.33 
Means Scores, Mean Percentage (in brackets), and the Respective Standard Deviations 
of Production of the Target Vowels /e/ and /as/ of the LVPT Group in the Pretest and the 
Posttest 
Mean scores of 
Vowel Proficiency / � e t e s t 切 Postte^ Mean diffeence 
(score=30) (score=30) (Posttest - Pretest) 
^ Hij i I l 5 28^50 l S xTs 
(89.17%) (10.50%) (95.00%) (6.17%) (5.83%) 
Low 25.09 4.46 27.00 3.77 1.91 
(83.64%) (14.87%) (90.00%) (12.56%) (6.36%) 
/ae/ High 9.25 7.29 15.25 10.26 6.00 
(30.83%) (24.28%) (50.83%) (34.21%) (20.00%) 
Low 11.64 8.19 11.27 8.59 -0.36 
(38.79%) (27.30%) (37.58%) (28.64%) (-1.21%) 
/e/ + /ae/ High 36.00 5.40 43.75 9.59 7.75 
(score=60) (N = 8) (60.00%) (9.00%) (72.92%) (15.98%) (12.92%) 
Low 36.73 • 6.05 38.27 7.28 1.55 
(N= 11) (61.21%) (10.09%) (63.79%) (13.04%) (2.58%) ‘ 
/e/ + /ae/ Average of 36.42 5.64 40.58 8.80 4.65 
(score=60) High and Low (60.70%) (9.40%) (67.63%) (14.67%) (7.75%) 
The same three-factor repeated measures ANOVA showed that the main effect of 
test [F(l，17) = 1 3 . 6 5 9 , = .002] was significant, conveying an overall improvement 
from the pretest to the posttest (7.75% in general). The main effect of vowel [F(l,17)= 
36.763,/? < .0001] was also statistically robust, as the vowel /e/ was consistently more 
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accurately produced than the vowel /ae/. Table 4.34 summarizes the effects: 
Table 4.34 
Summary of Different Main Effects and Interactions in 2 x 2 ANOVA for the LVPT 
Group 
Effects df Mean Square F p 
Test 1 1111.725 13.659** .002 
Proficiency 1 290.472 .564 .463 
Vowel 1 46212.584 36.763*** .000 
Test X Proficiency 1 495.384 6.08* .025 
Proficiency x Vowel 1 31.647 .025 .876 
Vowel X Test 1 50.275 .664 .427 
Test X Proficiency X Vowel 1 547.539 7.227* .016 
Error (within groups) 17 515.309 
Note. ***p < .0001; **p< .005; < .05 
For interactional effects, only two interactions were significant: Test x Proficiency 
interaction and Test x Proficiency x Vowel interaction. Table 4.35 and Figure 4.9 on the 
next page display the figures and the result of the simple effects test of Test x 
Proficiency interaction and the visual representation of the interactional effect 
respectively: 
Table 4.35 
Summary of Means and Standard Deviations of all the groups and the Results of Simple 
Effects Test on Test x Proficiency Interaction 
Proficiency Groups 
High Low Simple Effects: 
Test (N = 8) (N= 11) df{\,\l) 
“ Mean60 .00% 61.21% 
Pretest SD 3.41% 2.91% 
„ Mean 72.92% 63.79% 
Posttest 1.882 
SD 5.06% 4.32% 
Simple Effects: 
F F 16.40** .896 
#(i，n) 
Note. **p< .005 
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Figure 4.9. Percentage of target production of the two vowels in both the pretest and the posttest for the 
two proficiency groups. It shows the interaction between Test x Proficiency. 
Test X Proficiency interaction [F(l,17) = 6.086,p = .025] was found to be 
significant and a simple effects test showed no significant difference between the two 
proficiency groups in both the pretest (p = .790) and the posttest (p = .188) while a 
significant effect of test was found only with the high proficiency group [F(l ,17)= 
16.40,/? = .001], but not with the low proficiency group (p = .357), meaning that only 
the high proficiency group improved their overall production performance from the 
pretest to the posttest significantly, but the same did not happen with the low 
proficiency group, as shown in Figure 4.9. 
< 
It is worth noting that Test x Proficiency x Vowel [F(l,17) = 7.227,p = .016] was 
also a significant interaction. A simple effects test showed that the improvement of 
production of the vowel /e/ was only significant in the low proficiency group but not the 
high proficiency group, while the improvement of production of the vowel /ae/ was only 
significant in the high proficiency group but not the low proficiency group. The 
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following table summarizes the interactions: 
Table 4.36 
Summary of Test x Vowel x Proficiency Interaction 
Mean Percentage in 
Mean difference Standard 
Vowel Proficiency Pretest Posttest F p 
(Posttest - Pretest) Error 
Id High 89.17% 95.00% 5.83% 2.89% 4.068 .060 
Low 83.64% 90.00% 6.36% 5.56% 6.657* .019 
/ae/ High 30.83% 50.83% 20.00% 2.47% 12.937** .002 . 
Low 38.79% 37.37% 01.21% 4.74% .065 .801 
Note. p < .0001; **p< .005; *p<.05 
4 .3 .3 .3 SUMMARY 
TABLE 4.37 
Averaged Difference (Posttest Target Production % - Pretest Target Production %) of 
Production Performance of the Two Vowels across Groups and Proficiency Level 
Averaged difference (Posttest % - Pretest %) 
in production performance 
HVPT LVPT 
Iq! T^I Id + /ae/ ^ 1^1 Id + /ae/ 
Proficiency Mean Mean 
High 11.85% 31.11% 21.48% 5.83% 20.00% 12.92% 
Low 18.72% 13.08% 15.90% 6.36% -1.21% 2.58% 
Mean 15.28% 22.09% 6.10% 9.39% 
The analysis above shows that proficiency was not a factor that influenced the 
production performance of both the HVPT and the LVPT groups. Also, the factor vowel 
had only significant effects only in the production performance of the HVPT group. The 
4 
interaction of Test x Proficiency x Vowel had significance for both groups, signifying 
the complicating influence of multiple factors on the production of the two trained 
groups. Besides this, the interaction of Test x Proficiency was only significant in the 
LVPT group but not the HVPT. By looking at the summarized table above, more 
information concerning the averaged difference (posttest % - pretest %) of the target 
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production of the pretest and the posttest of both the HVPT and the LVPT groups can be 
observed. 
4 .3 .4 CONTEXTUALIZABILITY OF THE TRAINING 
Both the production pretest and posttest are not a measure of the spontaneous 
speech production of subjects; Test of Contextualization (TC) was hence devised as a 
supplementary test to provide more information on the naturalistic and genuine 
production performance of the subjects after the training. A reading passage with around 
250 words within which 50 were words with the target vowels Id and /ae/ was utilized 
in TC to obtain the results. 
i � � " [ � ， • • 口 
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FIGURE 4.10. Percentage of target production of the three groups in TC 
The box-and-whisker plot above displays the target production performance of the 
two vowels respectively of the three groups of subjects. Obviously, the target production 
of the vowel /e/ was far higher than that of the vowel /ae/. The range of target 
production of the vowel /e/ was also small compared to that of the vowel /ae/ as it 
ranged from the minimum of around 10% to a maximum around 80% or above (as 
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shown in the dark boxes), indicating a large variety of production performance among 
the subjects. It is also worth noting that the medians of the production performance of 
the vowel /as/ among the three groups were all below 50% while that of the vowel /e/ 
was near 100%, which was a large difference. 
TABLE 4.38 
Mean Scores and Mean Percentage of Production Performance of the Vowels /e/ and 
/3d/ across Different Training Groups and Proficiency Groups in TC 
Production Performance in TC 
^ ^ 
Group Proficiency Scores % Scores % 
严 25 25 Score: 
HVPT H i ^ 2 4 ? ^ 9 9 . 1 1 % 1 3 ^ 5 2 . 0 0 % 
Low 24.00 96.00% 11.31 45.23% 
HVPT ‘ ： 二 . 24.39 97.56% 12.15 48.62% 
.g average: 
2 LVPT High 23.50 94.00% 13.00 52.00% 
Low 23.36 93.45% 8.55 34.18% 
LVPT 
: :丄 . 2 3 . 4 3 93.73% 10.77 43.09% average: 
！ ! Z T f 23.91 95.64% 11.46 45.85% average: 
_ Control High 23.40 93.60% 11.00 44.00% 
I ^ 24.46 97.85% 5.08 20.31% 
5 Control 23.93 95.72% 8.04 32.15% average: 
Table 4.38 provides further data by offering the averaged mean scores and 
percentages of the production of the two vowels across groups and proficiencies in TC 
(see Appendix J for individual performance). Both the trained and control groups had • 
near-native like production of the vowel /e/ (over 95%), but the production of/ae/ was 
rather low. The production performance of the vowel /ae/ in descending order was 
HVPT > LVPT > Control, although the mean percentage of the HVPT group was only 
around 50%. For the two trained groups, the subjects with higher proficiency performed 
better than those with low proficiency, with the production performance of the vowel 
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/ae/ in the LVPT group having 17.2% of difference and the HVPT only 6.77%. 
Comparing the mean percentages of the three groups by statistical means can shed 
light on the interpretation of the above data, which can be achieved by using a 
three-factor ANOVA presented below. Table 4.39 shows the overall results of the 
ANOVA: 
Table 4.39 
Summary of Different Main Effects and Interactions in 3 x 2 x 2 ANOVA 
Effects df Mean Square F p 
Group 2 917.032 2.923 .062 
Proficiency 1 1957.721 6.239* .015 
Vowel 1 91644.28 181.862*** .000 
Group X Proficiency 2 72.970 .233 .793 
Proficiency x Vowel 1 2055.730 4.079* .048 
Vowel X Group 2 697.505 1.384 .259 
Group X Proficiency x Vowel 2 404.82 .803 .453 
Error (within groups) 58 313.774 
Note. ***/?<.0001; 05 
This analysis with group (HVPT, LVPT, Control) and proficiency (High and Low) 
as between-subjects factors and vowels {Id and /ae/) as a within factor demonstrated a 
significant effect of proficiency [F(l,58) = 6.239, p = .015], as the high proficiency 
group produced the target vowels more accurately than the low proficiency group. There 
was also a highly significant effect of vowel [F(l,58) = 181.862，/? < .0001], attributed ‘ 
to the huge difference in the production performance of the vowel /e/, which was over 
95% and the vowel /ae/, which was only around 40% in average. Noteworthy is that the 
effect of group was not robust {p = .062). 
Among all interactions, only a very marginal significant interaction Vowel x 
Proficiency [F(l,58) = 4.079，p = .048] was found. A test of simple effects revealed that 
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the differences between vowels were highly significant in both proficiency groups: 
[F(l,58) = 56.8,p< .0001] for high and [F(l,58) = 142.643, < .0001] for low, due to 
the fact that the vowel /e/ was always more accurately produced than the vowel /ae/, 
echoing with the significant result of the effects of vowels. While considering the 
differences between vowels, it was found that significant difference between proficiency 
groups was only observed in the vowel /as/ [F(l,58) = 5.328,p = .009] but not in the 
vowel /e/ ip = .924), meaning that the two proficiency groups performed saliently 
similar in the production of the vowel /e/，as shown below: 
Table 4.40 
Summary of Means and Standard Deviations of All the Groups and the Results of Simple 
Effects Test on Vowel x Proficiency Interaction 
Proficiency 
Simple Effects: 
High Low F 
Vowel # ( 1 , 5 8 ) 
Mean 95.56% 95.89% 
e SD 8.33% 7.86% 
, , Mean 49.03% 33.19% 
/ae/ 5.328** 
SD 25.77% 29.29% 
Simple Effects: 
F 56.800*** 142.643*** 
# ( 1 , 5 8 ) 
Note. ***p<.0001; **p< .05 
4 .3 .5 FOLLOW-UP ACOUSTIC ANALYSIS FOR PRODUCTION POSTTEST 
As a follow-up evaluation of the production performance of the subjects, an 
acoustic analysis of several selected words produced by half of the subjects from each 
group in both the pretest and the posttest was done. The formant frequencies and vowel 
duration of these selected words produced by both the subjects from the three groups 
and the 6 native speakers who produced the training stimuli in the present study were 
measured. Comparing the acoustic properties of these native speakers' vowel production 
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with that produced by the subjects before and after the treatment can further confirm the 
transcription reliability and determine to what extent the perceptual training had on 
modifying the subjects' production performance. 
Twelve words (six with the vowel Id and six with the vowel /ae/) produced in both 
the pretest and the posttest by eleven subjects from the HVPT group, nine subjects from 
the LVPT group and eleven subjects from the control group who were randomly 
selected were chosen for the acoustic analysis. The words include bread, said, shed, nets, 
let, vet with the vowel /e/ and ad, bad, fad, latter, fatter, pat with the vowel /ae/. Since 
the subjects did not produce any minimal pair for a more direct comparison of their 
vowel production, these words which are under more similar phonetic environments 
(before fortis and lenis alveolar plosives) were chosen. Also, the number of words with 
a vowel before the same fortis or lenis consonant was also the same (for each vowel, 
three words were before /t/ and three were before /d/) to balance the assimilation effects 
of the consonants on the vowels. In fact, other words should also be of interest for 
analysis because different phonetic environments and positions may have an effect on 
vowel quality. This analysis should be done in future studies that look more into the 
effect of phonetic environments. ‘ 
By using the Praat analysis software (Boersma & Weenink，2002), the first two 
formant frequencies {F1 and F2) and vowel duration of the selected words produced by 
both the native speakers and half of the subjects were measured. The third formant 
frequency (F3) was not of interest since the first two formant frequencies can already 
provide adequate information to distinguish the all English vowels (except the rhotic 
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vowel M in General American accent) from one another (Ladefoged, 2005). The 
formant frequency measurements of each vowel, measured at the vowel midpoint, were 
estimated by the formant tracking function in Praat. From dual spectrogram and 
waveform displays, the temporal measurements of the vowels were measured by hand. 
The mean values (with standard deviations shown in brackets) for the frequencies of the 
first three formants and durations of the two English vowels /e/ and /ae/ as produced by . 
both the native speakers and the subjects are shown: 
Table 4.41 
Acoustic Measurements of the Two English Vowels Produced by the Native Speakers and 
the Three Groups of Subjects 
Native /e/ ‘ /ae/ 
T l 524 (66) 691 (131) 
F2 1861 (173) 1652 (96) 
Duration 108 (26) 145 (33) 
HVPT Pretest Posttest Pretest Posttest 
T l 553 m 516 ^ 576 ^ ^ (131) 
F2 1805 (195) 1869 (199) 1709 (188) 1635 (349) 
Duration 111 (12) 111 (20) 123 (13) 142 (18) 
LVPT 
555 S s ^ ^ ( 1 ^ m (130) 
F2 1831 (187) 1861 (129) 1900 (163) 1770 (108) 
Duration 106 (31) 112 (28) 105 (27) 133 (32) 
Control 
T l ^ m ~ ~ . ( 1 0 2 ) 513 ^ 528 (81) 
F2 1884 (120) 1918 (206) 1800 (116) 1833 (93) . 
Duration 112 (15) 114 (14) 126 (24) 114 (15) ‘ 
Note. The first two formant frequencies {Fl and F2) were measured in Hertz and the durations were 
measured in millisecond. The standard deviations are shown in brackets. 
The spectrograms of the words bread and bad produced by one of the native 
speakers who produced the training stimuli and one of the subjects from each group in 
the pretest and the posttest were shown on the next two pages. The subjects' productions 
in the pretest and the posttest are put in juxtaposition for easier comparison. 
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Native Speaker's Production 
(Speaker B; female) 
T———T— I 
bread I b ^ H H f7 = 576Hz 
S F2 = 1839 Hz 
/bred/ | ^ Duration = 112 ms 
Izsj^BBs^  
0 Tiiiie(im) 嫩 
Pretest Posttest 
—音基 HIHHHI 
f H I 丨 
• T i » e _ 500 0 500 
• Time 一 ^ ® T i « e _ 500 
5000 m ^ m ^ m i ^ m m m m ^ ^ ^ ^ ^ ^ ^ m sooo n — — •睡 i i _ 
l i tHH t^HI 
'mm fli ® T i « e ( _ 506 0 ru»e(») Figure 4.11. Spectrograms for bread as spoken by one native speaker and three subjects from each group 
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Although only the spectrograms of the two words produced by one subject from each 
group were shown, they have provided informative illustrations on the change in 
performance of the subjects from the pretest to the posttest. However, it is worth 
looking at all the averaged performance of the subjects in each group so that a more 
general picture of the subjects' performance can be shown. 
The first formant of vowels (FJ) corresponds to the vowel openness: the more 
open a vowel is, the higher F1 values are. It was found that all the groups in the pretest 
produced both vowels with F1 values closer to the vowel Id. After the training, the F1 
values as for words with the vowel /e/ still remained close to that produced by the native 
speakers, indicating that the production of this vowel in terms o f F l were fairly close to 
native performance. The HVPT group and the LVPT group also produced the vowel /ae/ 
with higher F1 values (HVPT: 652 Hz; LVPT: 628 Hz) closer to that produced by native 
speakers (691 Hz). However, the F1 value of the vowel /ae/ produced by the control 
group in the posttest remained close to that in the pretest. This suggests that a 
considerable amount of subjects in the two training groups produced the vowel /ae/ with 
wider vowel openness, which is one of the articulatory differences of the production of 
the vowels /e/ and /ae/. * 
The second formant frequency (F2) represents vowel frontness. Front vowels have 
higher F2 frequencies than back vowels. Albeit that both vowels /e/ and /ae/ are front 
vowels, the vowel /e/ is more front than /ae/ and thus has a higher F2 value. All the 
groups produced the two vowels in the pretest with very close values (vary from 1800 
Hz to 1900 Hz), which are also close to the F2 values of the vowel Id produced by the 
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native speakers. However, in the posttest, both training groups produced more 
native-like F2 frequencies for both vowels, meaning that the subjects started to be able 
to distinguish the production of the two front vowels after training. A series of /-tests 
showed that the difference of F1 values and F2 values between the pretest and the 
posttest were significant {p < .0001). 
Considering the vowel duration, it was found that both experimental groups 
produced the two vowels with very similar duration in the pretest. The duration ratio of 
/e/ to /ae/ in the pretest for the HVPT group was 1.11, the LVPT group was 0.99 and the 
control group was 1.13，all noticeably lower than that the native speaker group of 1.34. 
After the training, the ratio for the control group became smaller, but the HVPT group 
and the LVPT group produced the two vowels with larger duration ratio (HVPT = 1.28; 
LVPT = 1.27). A series of Mests revealed that the durational difference from the pretest 
to the posttest among the two training groups reached significance again {p < .0001). 
Although the above selective acoustic analysis cannot show the full picture of how 
all the words produced by all the subjects performed, it has shown that the experimental 
group，production performance reinforced those that were evaluated by transcriptions as 
reported before. All groups did have a confusion in the production of both vowels ‘ 
before the training as they all tended to substitute the vowel /ae/ as /e/. Yet, both training 
groups improved the production of both vowels after the training as the vowel qualities 
became closer to those produced by the group of native speakers in the present 
experiment. The results showed that they started to develop more distinct categories of 
both vowels and the HVPT training appeared to be more beneficial to the subjects than 
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the LVPT since the subjects produced more native-like vowels in terms of the vowel 
quality. 
4 . 3 . 6 SUMMING UP THE RESULTS IN PRODUCTION TESTS 
Summing up, statistical and acoustical analyses of the production performance of 
the two vowels showed that the two trained groups had better performance than the 
control group in the posttest, while the HVPT group outperformed the LVPT group. 
This may suggest the plausibility of the effect of perceptual training on production. 
However, the effect of group was not observed in Test of Contextualization, implying 
the improved production of words with the two target vowels was not able to be 
generalized into natural speech and the difference in performance was related to their 
proficiency levels but not the training. It is also worth noting that the production of the 
vowel /e/ was near native-like in all the three tests, while the production of the vowel 
/ae/ slightly improved in the posttest but most of the subjects still could not distinguish it 
from the vowel /e/. The reasons underlying such asymmetric phonological categories 
will be discussed and analyzed in the next chapter. 
4 . 4 SUMMARY OF THE CHAPTER . 
Chapter 4 has presented both the perceptual and production performance of the ‘ 
subjects, with the data also analyzed by statistical means. Preliminarily, the perceptual 
training approaches seemed to be playing a weighty role in the improvement of both the 
perceptual and the production of vowels, with vowel itself as another influential factor 
in the difference in performance. Yet, English proficiency level did not have much 
significant influence in the subjects' performance while interactional effects of a various 
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combinations of factors might have some robust effects. All these data imply 
complications behind the effects of the interactions. The following chapter will discuss 
and justify the findings in both the perceptual and production tests with a view to 
answering all the research questions. 
< 
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CHAPTER 5 
DISCUSSIONS 
5 .1 INTRODUCTION 
The main goal of the current study was to investigate the effects of perceptual 
training on the production of the English /e/-/«/ contrast and to compare and evaluate 
the effectiveness and the generalizability of the High-Variability Phonetic Training 
(HVPT) approach and the Low-Variability Phonetic Training (LVPT) approach on 
modifying the perception and production of the non-native contrast by Cantonese 
speakers of English. The previous chapter has presented the data and statistical analyses 
of the experiment and laid the ground work for the present chapter, which aims at 
discussing and elucidating the research findings. 
The discussion will be arranged in order of the research questions of the study, 
which have been stated in Chapter 2. Both the effectiveness of the HVPT and the LVPT 
on improving the perception and production of the vowels will first be evaluated in 5.2 
by looking into the scores and statistical robustness of the results, as a response to both 
4 
Research Questions 1 and 2. Following this will be 5.3, in answer to Research Question 
3，which concerns whether the training effects can be generalized to perceiving new 
words by familiar or new speakers as well as producing the vowels more accurately in a 
more naturalistic environment. Sections 5.4 and 5.5 will discuss the difference in the 
performance of the subjects with different English proficiency levels and for the two 
vowels respectively, in turn answering Research Questions 4 and 5. Although no 
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conclusive evidence can be obtained from the present data to support any claims 
regarding the perception-production relationship or any underlying theoretical models, 
the data still casts light onto these aspects and some possible mechanisms, which will be 
discussed in sections 5.6 and 5.7. 
5 . 2 EVALUATION OF THE TRAINING APPROACHES - RESEARCH QUESTIONS 1 & 2 
Whether the HVPT and the LVPT approaches were effective and how effective 
they were to improve the perception and production of the vowel contrasts of the 
subjects were some of the main foci of this study. Both Research Questions 1 and 2 
were directed to these queries and they can be answered together by comparing the 
perceptual and production performance in the posttests of the subjects across different 
training groups. A review of the two questions and a summary of the findings related to 
the questions are addressed below before the justification of the results. 
5 . 2 . 1 REVIEW OF RESEARCH QUESTION 1 & 2 
Research Question 1: 
Are the two phonetic training approaches, the HVPT and the LVPT, effective in 
improving native Cantonese speakers' perception and production of the English 
vowels Id and /ae/? 
Research Question 2: 
Which training approach, the HVPT or the LVPT, is more effective in improving 
the subjects' perception and production of the English vowels Id and /ae/? 
Through comparing the performance in the perceptual identification and 
production posttests of the experimental groups (HVPT and LVPT) and the control 
group, Research Questions 1 and 2 can be answered. Not only will the mean test scores 
and percentages be compared, but whether the differences across group and time are 
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statistically significant will also be the main focus. So as to explicate the discussions in 
a more organized manner, all the discussions of the perceptual aspect will be presented 
first before the production part. 
5 . 2 . 2 PERCEPTUAL DOMAIN 
Concerning the results for perceptual learning, it is found that both the HVPT and 
the LVPT groups improved their perception of the vowels Id and /as/ significantly from . 
the pretest to the posttest, but the control group did not. The improvement for the HVPT 
group was 19.45% and for the LVPT group, it was 9.15%, when the mean percentage of 
the scores of the subjects in the respective group was considered. The control group 
only had a slight change of -0.39%. Further statistical analysis showed that the two 
trained groups did significantly better than the control group, and the HVPT group also 
performed significantly better than the LVPT group. 
All these results evidenced that both the HVPT and the LVPT were beneficial to 
improving the subjects' perception of the vowels, and that the approach with more 
stimulus variability provided, the HVPT, was found to be a more effective approach 
than the LVPT in terms of perceptual training of the two vowels. It infers that perceptual 
stimuli produced by multiple talkers were more useful in modifying the perceptual ‘ 
acquisition of the subjects, which is in line with earlier studies showing the effective 
and successftil adoption of the HVPT in the modification of different sound segments, 
such as English /J/-/1/ contrast by adult Japanese speakers (Bradlow et al” 1997， 
Bradlow et al., 1999; Logan, et al., 1991; Lively et a l , 1993; Lively et al., 1994; 
Yamada, 1993), English /i:/-/i/, /u:/-/u/, and /e/-/ae/ contrasts by Mandarin and 
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Cantonese speakers (Wang, 2002), Chinese lexical tone contrasts by English listeners 
(Wang et al , 1999; Wang et al., 2003), or some German vowel contrasts by English 
listeners (Kingston, 2003). The reasons for successfully replicating the results concern 
the nature of the test design and factors related to the L2 learners. They will be 
explicated in the following sections. 
5 . 2 . 2 . 1 GENERAL SUCCESS OF THE H V P T AND THE L V P T GROUPS IN THE 
PERCEPTUAL LEARNING 
As elucidated in the Literature Review chapter, both the HVPT (e.g. Bradlow et a l , 
1997; Hardison, 2003; Wang, 2002) and the LVPT (e.g. McCandliss et a l , 2002; 
Strange & Dittmann，1984) are useful paradigms, though to different extents, for 
modifying the phonological category of some non-native contrasts. The results in the 
present study parallel these previous findings and it is speculated that their success is 
attributed to the following reasons by referring to the results in the current study, thus 
answering Research Question 1 affirmatively. 
5 . 2 . 2 . 1 . 1 CONSISTENT USE OF THE SAME TASK 
The overall design of the HVPT and the LVPT adopted in this research replicated 
that of the previous studies, with only modifications in the number of choices in the ‘ 
pretest and the posttest. Both training paradigms help promote the re-categorization of 
more near native-like phonological patterns due to the consistent use of the same type of 
listening tasks throughout the testing and training phrases. It was important as to 
maintain a consistent mapping of the phonological categorization through referencing 
between the training stimuli and the responses, as reported in some related studies in 
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this aspect (e.g. Lambacher et al., 2005; Shiffrin & Schneider, 1977). This may hence be 
a factor which promotes the general success of both trainings. 
5 . 2 . 2 . 1 . 2 NATURE OF THE TRAINING TASKS 
The use of isolated words as stimuli also focused the subjects' attention to the 
subtle differences of the minimal pairs. As the current study investigates and aims to 
improve the identification of the non-native vowel contrast /e/-/ae/, allowing only 
intensive exposure to the critical attributes of the stimuli through directing and holding 
the subjects' attention to the target sound segments was meant to be the one of the 
intentions of the present research. Thus, the subjects, when being exposed to isolated 
word stimuli, could detect the differences of the vowels in a more focused manner. 
5 . 2 . 2 . 1 . 3 USE OF IDENTIFICATION TASKS 
On top of this, the sole adoption of identification tasks rather than discrimination 
tasks in the training approaches may also contribute to the general success of the two 
trained groups. Identification tasks aim to focus on the subjects' capability to map an 
appropriate linguistic label to a phone as all identifications are "absolute" as they are 
made based on each separate stimulus' characteristics, but not on eliminating other 
stimuli that were not their targets (Beddor & Gottfried, 1995; Logan & Pruitt, 1995). As ‘ 
shown in some previous studies (e.g. Flege, 1995a; Jamieson & Morosan, 1986), 
training using identification tasks may be more beneficial to the perceptual learning of 
the subjects, since the subjects were only required to focus on only one stimulus at a 
time which hence helps tap into memory for the specific perceptual category. This can 
draw their attention to that specific segment and allow more focused incorporation of 
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within-category variability and the assignment of a particular linguistic label to a 
segment. In other words, it forces the subjects to form a more native-like phonetic 
category (Jamieson & Morosan，1986; Lambacher et al., 2005; Logan & Pmitt, 1995). 
Also, it has been reported that subjects' motivation in doing identification tasks was 
higher than that in discrimination, which led to more successful perceptual learning 
(Flege, 1995a). The present research does not aim at re-investigating the effectiveness 
of an identification task versus a discrimination task; yet the success of the present 
training approaches may be partly ascribed to the utilization of an identification task. 
5 . 2 . 2 . 1 . 4 ADOPTION OF FEEDBACK 
Two types of feedback were adopted in the present study to promote the perceptual 
learning of the subjects. They are session-by-session cumulative feedback and 
trial-by-trial immediate feedback. 
A cumulative score after each training session was given to the subjects. This kind 
of feedback which spans through a session promotes the motivation of the subjects to 
continue the training. Although it is a more indirect way of helping the subjects to 
improve their perception of sounds, it has already provided them with a general picture 
of their on-going performance and progress in each session to enhance their motivation • 
(Logan & Pmitt，1995). 
Administering immediate feedback after each answer submission during training 
allows the subjects to leam the correct segment immediately when they are still focused 
on the sound segments of a particular word. It is a more direct way of learning than the 
session-by-session feedback. Offering trial-by-trial immediate feedback in the 
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experiment was meant to accelerate the perceptual learning process and the general 
success of the two trained groups can be attributed to this (Lambacher et al., 2005; 
Logan & Pruitt, 1995). It is also a crucial element for a successful phonetic training 
approach since the use of immediate feedback facilitates the learning process by 
enabling the subjects to substantially concentrate on the salient acoustic features and 
cues of the target segments (Logan et al , 1991; Pisoni, 1977). Through trial and error, 
together with immediate feedback, the subjects will not leave their attention to the 
sound segments unattended but are consistently offered a chance to uptake the feedback. 
Although the presentation of immediate feedback in the current study was not as 
sophisticated as in some speech technologies such as showing visual feedback, the 
present adoption of immediate feedback in the two training approaches has already 
provided the subjects with adequate chances to leam the correct answer by listening to 
the stimulus again, hence augmenting the positive effects of the learning. 
5 . 2 . 2 . 2 EFFECTIVENESS OF THE H V P T OVER THE L V P T 
The efficacy of the HVPT has been well demonstrated in a number of studies on 
the successful perceptual learning for speech at the level of phoneme or accent (e.g. 
Bradlow & Bent，2003; Logal et al , 1991), though the modifications may reach a ‘ 
saturation level of learning for some subjects (Bradlow, 2008). The level of saturation is 
said to have reached by the subjects if their improvements cannot proceed any further 
even though more trainings are given. It has also been said that the HVPT was a more 
successful training procedure than the LVPT, in terms of the more robust learning and 
generalization to new stimuli (for generalization, see 5.3). 
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The high degree of success in the perceptual training of the subjects trained under 
the HVPT approach over the LVPT in the present study is speculated to be due to the 
use of high variability stimuli. Studies such as Jamieson and Morosan (1986), 
Lambacher et al. (2005), Lively et al. (1994), and Wang (2002) have also demonstrated 
the importance of adopting multi-speaker highly-variable-context stimuli, i.e. the 
High-Variability Phonetic Training, to excel training in non-native contrasts. The 
Low-Variability Phonetic Training appears to be an easier training platform for the 
subjects to leam the identification, but it has been in fact found to be ineffective in the 
modification of listeners' phonetic perception pattern (Strange & Dittmann, 1986). 
In the present study, the perceptual posttest results of subjects trained under the 
HVPT (69.92%) were significantly higher than that of the LVPT (60.26%), hinting that 
exposure to multiple speakers and phonetic contexts during training helped promote 
robust perceptual learning. The reasons for the more success in using stimuli produced 
by various speakers and contexts to improve the perception of the two vowels are 
two-fold: a) it promotes selective attention to the acoustic cues, which supports the 
exemplar-based approach to speech perception, and b) it simulates real-world 
experience. * 
5 . 2 . 2 . 2 . 1 PROMOTION OF SELECTIVE ATTENTION - SUPPORTING AN 
EXEMPLAR-BASED APPROACH TO SPEECH PERCEPTION 
One of the main goals to use highly variable stimuli was to avoid idiosyncrasies 
which may be brought by stimuli produced just by one speaker, since any discrepancies 
present may deter the realization of the acoustic cues necessary for identifying the two 
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vowels. Hence it promotes selective attention to the criterial acoustic cues which are to 
be observed by the subjects from the large pool of stimuli with wider variability. As 
reported in some earlier studies (e.g. Jusczyk, 1989; Logan et al., 1991; Nosofsky, 1986， 
1987; Strange, 1986)，the role of selective attention is vital in perceptual learning and 
the development of phonetic categories, no matter the subjects are infants or adult 
learners. Exposure to highly variable stimuli is necessary for the subjects to form robust . 
phonetic representations by learning which acoustic cues are relevant to a specific 
sound; that is, to let the subjects selectively attend to a wider range of acoustic 
dimensions and weightings so as to develop more language-specific phonetic categories. 
Stimuli in the HVPT are hence more advantageous over those in the LVPT as the 
stimuli with different CVC structures were produced by different speakers, which leads 
to the significantly better performance of the HVPT than the LVPT group in the present 
experiment. 
The fact that the highly variable stimuli promote better perceptual learning 
supports also the exemplar-based approach to speech perception. Exemplar-based 
models of speech perception have only recently been applied to speech perception and 
processing (e.g. Goldinger, 1990, 1996, 1997; Goldinger et al. 1991; Johnson, 1997; ‘ 
Pierrehumbert, 2001; Pisoni, 1990，1992, 1997; Pisoni et a l , 1985). The core idea 
underlying the exemplar-based models is that mental representations consist of memory 
traces of specific tokens. A perceptual category is hence defined as a collection of all 
experienced instances of the category, i.e. detailed information of any speech signal 
which entails phonetic and linguistic information will become part of the stored and 
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labeled tokens, or “exemplars.，，Each category is represented in the memory by a space 
of remembered exemplars and the exemplar space is continuously updated upon new 
speech events. Hence exposing the subjects to a wider range of natural stimuli which are 
more variable in terms of speaker and context variability would be beneficial to enrich 
their experience of the subjects. The exemplar perceptual space of the subjects will be 
stretched wider along dimensions where the two vowels differ and be shrunk along 
dimensions that do not show distinctions for the two vowels. It follows that the subjects 
trained under the HVPT can hence draw on a wider exemplar space than the LVPT 
group and the results of the present experiment support this approach to speech 
perception. 
5 . 2 . 2 . 2 . 2 SIMULATION OF REAL-LIFE EXPERIENCE 
Besides directing the subjects' attention to the acoustic cues, stimuli with high 
variability may lead to more success in the perceptual learning of the subjects because it 
simulates real-life experience where the subjects encounter the non-native contrasts 
produced by different speakers and from a variety of words. Highly variable stimuli 
provide the greatest opportunity for the subjects to accommodate variations in daily 
experience, while not ignoring the importance of delivering a concentrated and ‘ 
intensive training. The HVPT approach is more effective than the LVPT due to the fact 
that employing a wider range of speakers in the training stimuli forces the subjects to 
develop more stimulus-general representations and hence identify the contrast more 
successfully than the subjects trained under one speaker. Previous studies (e.g. Bohn & 
Flege, 1990; McKain et a l , 1981; Polka, 1995; Werker, 1994; Yamada, 1995) also 
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suggest that even some exceptionally-difficult phonetic categories can be re-leamt and 
be attuned if the subjects are exposed to the language used in a daily basis. All in all, 
given sufficient time in training, stimulus variability used in the HVPT group promotes 
more perceptual improvement than the LVPT group since it gives them the greatest 
opportunity to induce the general phonetic category from the characteristics of the 
ensemble of stimuli. 
From the above accounts, it appears that the HVPT and the LVPT were effective 
training programmes for modifying the perception of the vowel contrast /e/-/ae/ of the 
subjects. It would be logical to see if any transfer has taken place from perceptual 
learning to the production of the two vowels and this will be discussed below. 
5 . 2 . 3 PRODUCTION RESULT 
Whether the subjects demonstrated a considerable transfer of learning from 
perception to production can be known by comparing the production performance of the 
subjects before and after the training. The pretest results of all three groups were not 
significant but the posttest results were robust. It suggested that all the subjects started 
at the same level. The HVPT and the LVPT groups improved significantly from the 
pretest to the posttest by 18.69% and 8.18% respectively, but the 0.59% increase of the • 
production scores of the control group was not significant. It is worth noting that only 
the mean percentage difference between the posttest performance of the HVPT and the 
LVPT groups, and that of the HVPT group with the control group, was significant. It 
means that the HVPT group was performing significantly better than the LVPT and the 
control groups, but it was not the case for the LVPT and the control groups. Overall, the 
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HVPT and the LVPT approaches are said to be effective in improving the subjects' 
production of the English vowels Id and /ae/, but only the HVPT group outperformed 
the other two groups significantly whereas the LVPT group did not improve 
significantly more than the control group. 
5 . 2 . 3 . 1 T H E RELATIONSHIP BETWEEN PERCEPTION AND PRODUCTION 
The results of the production test, which were obtained from the evaluation of 
phonetic transcriptions of two researchers (intra-rater and inter-rater) and the selective 
acoustic analysis of the data, indicated that the trained subjects exhibited more accurate 
and target productions of the two vowels in the posttest whereas the control group 
showed no evidence of significant changes in their production. It implies that the trained 
groups' significant improvement in perception was accompanied by significantly 
improved productions, with the HVPT group outperforming the LVPT group with high 
significance. Notwithstanding the fact that the two trained groups' productions 
especially for the vowel /ae/ (see section 5.5) were still far behind native-like accuracies, 
the significant improvement of the two vowels in general has already hinted that both 
training approaches had brought about a considerable amount of success in production 
as a result of the perceptual training. * 
As mentioned, one of the general goals of the present study was to examine if there 
exists any subtle or inextricable link between speech perception and production by 
investigating the transfer of perceptual learning of the two vowels to the production by 
providing the subjects with no instructions or trainings in production. Besides looking at 
the results in the production posttest alone, comparing and contrasting the amount of 
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learning in perception and production of different groups of subjects by using a 
representation of perceptual-production space (adopted from Bradlow et al., 1997) 
should shed light on the relationship between perception and production domains. All 
vector plots of the three trained groups, subcategorized under proficiency level, would 
be presented on the next page. 
The perceptual-production space of each group can show the amount of learning in . 
both domains. The x-axis represents the subjects' accuracies in the identification of the 
vowels /e/ and /ae/; the y-axis represents the target production of the two vowels. Each 
vector hence indicates the subjects' performance in both domains at the same time, with 
the direction of arrow meaning the change from the pretest to the posttest. The bold 
arrow shows the mean percentage of the group while the dotted diagonal shows the 
ideal direct proportional change which perfectly correlates the change in perception and 
production. Individual percentages are in Appendix K. 
Previous studies (e.g. Bradlow et al., 1997; Hazan, et al., 2005; Wang, 2000) have 
shown that there were usually large individual differences observed in cross-sectional 
studies examining the perception and production of non-native contrasts. Although the 
current study does not aim to explore the idiosyncrasies present in the effectiveness of * 
the training approaches by looking at individual differences, still it is worth looking into 
individuals' performance as a group to observe the general change in the performance 
and how effective the approaches were. 
From Figure 5.1, it is obvious that the two groups with the HVPT training had 
fairly noticeable improvement in both domains since most of the subjects had a long 
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Figure 5.1. Vector plots of individual subjects' perceptual identification accuracies (x axis) and target 
productions (y axis) from the pretest to the posttest. A numbered vector is used to indicate each 
individual's performance. The bold arrow represents the group mean, while the dotted diagonal indicates 
the hypothetical and ideal location for a perfect correlation between speech perception and production 
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vector indicating a change of over 20% after the training. The LVPT group in general 
also had some improvement in both domains, but a very wide range of individual 
differences is observed. Some subjects, however, lagged behind and did worse in the 
production posttest. The performance of the control group subjects has no pattern at all. 
Most of them had only minor changes (shown by the relatively short vectors) in their 
performance. It is not surprising as they did not receive any training. 
From the above figures, it is clear that the trained subjects' production performance 
exceeded the perceptual performance in general in the pretest, and it still held true in the 
posttest. It does not replicate similar research (e.g. Bradlow et a l , 1997; Wang, 2000) 
which showed more perceptual improvement than that of production. It may be due to 
the fact that the vowel /e/ could consistently be produced accurately and brought about 
the higher production scores in general； More detailed explanation of why the vowel Id 
could be more accurately produced will be presented in section 5.5. 
However, the general and consistent success of the subjects in the HVPT group 
already suggests that perceptual learning leads to improvement also in the production 
domain, provided that the subjects were given sufficient and highly variable stimuli. 
Although it is understandable that the learning of the two domains proceeded at * 
different rates, generally similar positive slopes and relatively long in length of the 
vectors provided clues that there existed a possible link between speech perception and 
production since a considerable amount of perceptual learning did transfer to production. 
The correlation between the degrees of learning in the two domains respectively was 
quite high and it draws on a preliminary conclusion that perceptual training under the 
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HVPT approach leads to more and general improvement in the production of the 
subjects. In contrast, given that the LVPT group also had improvement in both domains, 
relatively less correlation between their degrees of improvement and more scattered 
vector distribution due to a wide range of individual differences suggests that perceptual 
learning with single-environment stimuli was neither a necessary nor a sufficient 
condition for production enhancement. Future research can be oriented to the 
investigation of the link between perception and production by viewing what kind of 
training approaches can bring higher rates of improvements in both domains. 
Having observed the transfer of perceptual learning to production and the general 
picture of the relationship between the two domains, we can now devote the following 
parts to see what possible mechanisms are responsible for the transfer. Note that the 
relationship between speech perception and production is complex and subtle and no 
single theory can fully account for the link. Despite that the purpose of the current study 
was not to attest or prove whether any theories are valid, the results have given 
empirical data as preliminaries for future research. We are now referring the results of 
this research to three relevant theories on the link of speech perception and production, 
which include the motor theory, the direct realist approach, and the auditory-acoustic » 
theories of speech perception to speech perception and production. 
5 . 2 . 3 . 1 . 1 THE MOTOR THEORY 
The current findings offered some evidence that support the theoretical accounts of 
the motor theory (Liberman, 1991; Liberman & Mattingly，1985). The motor theory 
proposes that human perceive speech sounds by viewing them as articulatory events, or 
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more specifically neromotor commands to the articulators, rather than acoustic or 
auditory commands. Under perceptual training, the innate and human-specific module 
that mediates between speech perception and production will change the internal 
phonetic representation of motor or vocal tract movements perceived and hence 
promote production. The significant transfer of perceptual learning to production of the 
HVPT and the LVPT groups in the present study confirms the motor theory as changes . 
or improvement in the perception domain lead to changes in the abstract representation 
of intended gestures, in turn results in improvement in production. 
5 . 2 . 3 . 1 . 2 THE DIRECT REALIST THEORY 
The Direct Realist Theory (Best, 1984，1993，1994a, 1994b; Fowler, 1986，1989， 
1990) asserts that the objects of speech perception are actual articulatory gestures but 
not abstract phonemes, acoustic commands or events (as in the motor theory). Those 
articulatory gestures, or vocal tract movements, are said to be perceived and detected 
directly, bypassing any phonetic module that is specialized for both speech perception 
and production. Direct realists claim that the perceptual system is universal but not 
specialized as mentioned in the motor theory. It is also the articulatory gestures that 
structure the acoustic signals, which join together to become an inventory for the * 
listeners to recover the gestures during production. Thus, perceptual learning means 
learning how to articulate the gestures directly and that the phonetic categories of the 
vowels /e/ and /ae/ will become more accurate and gesturally-defined. The changes in 
perception after perception learning should hence simultaneously result in changes the 
production, and this is confirmed by the present findings. 
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5 . 2 . 3 . 1 . 3 GENERAL APPROACH TO SPEECH PERCEPTION 
Alternatives to both the motor theory and the Direct Realist approach were 
proposed by some researchers (e.g. Diehl and Kluender, 1989; Holt and Lotto, 2008; 
Lotto, 2000; Ohala, 1996; Stevens and Blumstein, 1981) and they are referred to as 
general auditory (GA) approach to speech perception. The GA posits that perception of 
acoustic speech sounds does not involve any specialized mechanisms or modules but 
the same mechanisms of audition and cognition that were evolved to handle other 
sounds from the environment. This approach also supposes that learning in production 
involves mechanisms that tune articulatory commands to internal acoustic 
representations. Hence, after perceptual learning, any knowledge gained should lead to 
more accurate internal representations of sounds in the acoustical dimension which 
result in more accurate articulatory outputs. Yet, the articulatory commands change only 
once when the subjects activate them, i.e. the time when they produce the sounds. The 
findings in the present study are generally in line with this view due to the successful 
transfer of perceptual learning to production. 
5 . 2 . 4 SUMMARY 
Research Questions 1 and 2 have been answered affirmatively. From the above 鑲 
interpretation, we can conclude that both the HVPT and LVPT approaches are phonetic 
training approaches which promote both perceptual and production improvement. As 
explicated, the HVPT is a more effective approach than that of the LVPT, which echoes 
with many previous studies (e.g. Bradlow et al , 1997; Lambacher et al , 2005; Lively et 
al., 1993; Lively et al., 1994; Logan et al., 1991) that the use of highly variable stimuli 
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facilitates rather than interferes with the perception and production learning of the 
subjects. The close relationship between speech perception and production, although no 
conclusive comments can be offered, has also been hinted in the present study. Taken 
together, it seems that the findings have reinforced the notion that the HVPT is an 
efficacious approach for modifying even difficult sound contrasts. It will be worth 
proceeding to the next research question, the generalizability of the training effects, so . 
as to evaluate also the external validity of the training approaches. 
5 . 3 GENERALIZABILITY OF THE TRAINING EFFECTS - RESEARCH QUESTION 3 
5 . 3 . 1 REVIEW OF RESEARCH QUESTION 3 
Research Question 3: 
If the two training approaches are effective, can the effect be generalized to the 
perception of new words by both familiar and new speakers, or to the production 
when in more natural speech with the vowels Id and /ae/? 
From the answers to Research Questions 1 and 2，it was shown that both the HVPT 
and the LVPT approaches had some significant effects in improving the perception and 
production of the English vowels, which was judged by comparing the test scores 
before and after the training and the difference across groups in the posttests. Another 
focus of the present research concerns its external validity, which is whether the 
4 
improvement in the perception and production of both vowels after the training can be 
generalized to other conditions and this is addressed in Research Question 3. Specific 
tests, two in perception and one in production, were designed to test to what extent and 
how the training effects could be generalized. 
Test of Generalization 1 (TGI), with new stimuli produced by a new speaker, and 
Test of Generalization 2 (TG2), with new stimuli produced by a familiar speaker, could 
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offer insightful ideas on the generalizability of the training approaches on the perceptual 
improvement of the subjects, while Test of Contextualization (TC) can test the more 
natural production performance of the subjects by offering them a passage to read. By 
viewing the percentage of the subjects' correct production of the target vowels, we can 
know how well the subjects performed. The mean percentages of the results can also be 
compared with that in the posttest, in order to see if there exists any consistency in the . 
improvement or a different pattern of performance in both the perception and 
production aspects. 
5 . 3 . 2 PERCEPTUAL RESULT 
In TGI, factors including group, vowel and proficiency were factors that were 
investigated simultaneously. The two trained groups identified the vowel /e/ better than 
the vowel /ae/ (HVPT: 84.5% vs. 68.21%; LVPT: 77.41% vs. 71.03%) and the HVPT 
group did significantly better than the LVPT group. Both of them also outperformed the 
control group with high significance (mean difference for the HVPT vs. control: 26.13%; 
for the LVPT vs. control: 12.14%). Note that the perception of the vowel /ae/ of the 
control group was below the chance level (46.49%) although for the vowel /e/ it was 
slightly higher (62.69%). In addition, the consistently more accurate identification of ‘ 
the vowel /e/ than /ae/for all the subjects was also found, as reported in the significant 
effects of vowel. Added to this was the significant interaction of Proficiency x Vowel, as 
this phenomenon was found to be significant only in both high and low proficiency 
groups but not across training groups. All these suggest that the degree of generalization 
was in a descending order, HVPT > LVPT > Control, while the identification pattern of 
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identifying the vowel /e/ more accurately than /ae/ also matches that of the posttest. 
TG2 only differed from TGI by the speaker who produced the stimuli as the 
speaker in TG2 was the one that produced all the stimuli for the LVPT group. Similar to 
the results in TGI, the two trained groups outperformed the control group in the 
identification of both vowels in TG2. The HVPT group did better than the control group 
by 23.14% while the LVPT was better than the control group by 14.17%, both with very, 
high significance {p < .0001). The HVPT group had higher mean scores over the LVPT 
by 8.96%, which also achieved significance. Interestingly, the identification scores of 
the vowel /ae/ was higher than the vowel Id across the three groups (HVPT: 77.19% vs. 
76.94%; LVPT: 80.21% vs. 65.59%; control: 55.59% vs. 54.95%). It contrasted with the 
consistent results in the pretest, the posttest and TGI in which the vowel Id was 
substantially more accurately identified. Furthermore, the phenomenon of identifying 
the vowel /ae/ over the vowel /e/ was found to be significant in the low proficiency 
group only. It can be said that the generalization was found the most in the HVPT group, 
followed by the LVPT and the control, while the subjects can generalize to the 
identification of the vowel /ae/ more than the other. 
Taken together, the overall results in TG 1 and TG2 of the two trained groups when * 
averaged are in fact very close (TGI: 75.29% vs. TG2: 74.98%). The table above shows 
the comparison of results in TGI and TG2, followed by the interpretation of the results 
in the next section. 
5 . 3 . 2 . 1 DISCUSSION OF THE GENERALIZABILITY OF THE TRAINING EFFECTS 
Previous studies (e.g. McCandlis et al., 2002; Strange & Dittmann，1986) showed 
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that the use of the LVPT, which involved the use of one-speaker stimuli, was said to be 
easier for the subjects to leam as they can obtain speaker-specific information due to the 
sole exposure to this speaker. However, also as those studies suggested, the degree of 
generalization to new words produced by both familiar and unfamiliar talkers was far 
less than the subjects trained under the HVPT (e.g. Bradlow et al., 1997; Bradlow & 
Bent, 2003; Logan et al., 1991). The present study confirms these results. 
As mentioned in the answer to Research Questions 1 and 2, the adoption of high 
stimulus variability during perceptual training, i.e., using the HVPT approach, can 
contribute to the formation of a more robust encoding of the linguistic categories of /e / 
and /ae/, which is shown by the consistently better performance of the HVPT group over 
the LVPT group with high significance in the perceptual posttest. The findings in TGI 
and TG2 thus further suggested that stimulus variability played an influential role in the 
generalization performance which required more language-general mapping of 
linguistic categories. The greater success of generalization of the HVPT group than the 
LVPT group in both tests can be speculated as attributed to the subjects' focus on the 
criterial properties and acoustic cues in common of the vowels produced by the different 
speakers, in which they also had to strive to ignore the between-speaker variability that ‘ 
might exhibit obstacles to the perceptual learning. 
The findings can also be interpreted as related to the subjects' memory and 
perceptual strategies developed during the training. Both the HVPT and the LVPT 
groups performed significantly better than the control group as they were given 
sufficient training to help modify their categorization strategies. The subjects trained 
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under the HVPT were exposed to stimuli with higher variability, so in generalization, 
they can draw from a larger poll of tokens stored in their memory. In contrast, the 
subjects trained under the LVPT were only exposed to a single speaker and hence could 
have only knowledge of one speaker to apply to their perceptual strategies in identifying 
new words from new speakers. Their encoding strategies were shallower and more 
limited than that of the HVPT group. Research (e.g. Iverson et al., 2003; Logan et a l . , . 
1991; Posner & Keele, 1968) investigating specifically on memory and categorization 
also suggest that training under high variability condition could contribute to more 
robust generalization, whereas it did not apply for those trained under the LVPT. 
Table 5.1 
Comparing the Results of TGI and TG2 
Mean Percentage of 
Group Tests Average 
^ ^ 谷 
HVPT TGI 84.50% 68.21% 76.36% 
TG2 76.94% 77.19% 77.07% 
LVPT TGI 77.41% 71.03% 74.22% 
TG2 65.59% 80.21% 72.90% 
TGI 80.96% 69.62% 75.29% 
average 
TG2 71.27% 78.70% 74.98% 
Table 5.1 above offers an overview of the generalization effects to new words 
produced by new (TG1) or familiar (TG2) speakers. The effect was very comparable. ‘ 
Although the performance pattern of identifying the vowels was totally different in the 
two tests (in TGI, the subjects identified the vowel Id better than /ae/; whereas in TG2, 
the results were reversed), it has further suggested that the transfer of learning to 
production extends that of the perception posttest. The justifications are as follows. 
In the posttest, both groups improved the perceptual identification of the vowel /ae/ 
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more than /e/ (mean difference of the posttest minus the pretest = HVPT: 17.55% vs. 
13.75%; LVPT: 12.21% vs. 7.08%). The positive results of TGI, i.e. the HVPTgroup 
performed significantly better in the two vowels than the LVPT group, suggest a 
straightforward claim that stimulus variability plays an important role in generalization, 
since the subjects had to either form an abstract phonetic category or develop useful 
perceptual strategies for identifying the two vowels so as to successfully identify new • 
words produced by an unfamiliar speaker. Thus, from the results of TGI, we can 
conclude that perceptual learning has some genuine effects on the generalization. 
Concerning the results in TG2, more parallel results with the posttest are shown, as 
the vowel /ae/ has been more accurately identified than /e/ since the improvement of the 
vowel /ae/ is greater in the posttest. It seems to suggest that the perceptual learning of 
the two vowels to different degrees has also been generalized accordingly in TG2, a test 
involving the use of new words by a familiar speaker. Since all the subjects trained 
under the HVPT and the LVPT have been well exposed to the stimuli produced by that 
familiar talker in the training and tests, it is speculated that they have also gained, to a 
certain level, some speaker-specific encoding strategies for identifying some 
characteristic cues of words with especially the vowel /ae/ produced by that speaker. It ‘ 
also implies a possible but genuine transfer of perceptual learning which well 
generalizes to new words by a familiar speaker. That the HVPT group outperformed the 
LVPT again further confirms the claim that high stimulus variability is more beneficial 
to generalization to new words. Besides retaining some speaker-specific details of the 
familiar speaker for identification like the LVPT group, the HVPT group can gain more 
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from other speakers as well. 
Nevertheless, it is arguable that the test items in the generalization tests were too 
few to conclude that the generalization effect was genuine and convincing, owing to the 
fact that the test items were only half the number of those in the posttest. Even so, the 
findings have still shown preliminary generalization effects of both vowels. Further 
research can consider expanding the number of test items to allow fairer and more 
convincing results to be drawn. 
In spite of what has just been pointed out, the above accounts have already 
explained that stimulus variability was highly sufficient for generalization, even for 
some segments which pose great difficulties on learners. The above justifications have 
also demonstrated why the HVPT training was more efficacious than the LVPT 
approach in terms of generalization. This section has given a positive answer to 
Research Question 3 and the other half of the question will be answered in the next 
section. 
5 . 3 . 3 PRODUCTION RESULT 
In TC, the subjects in all three groups produced over 95% of the vowel /e/ as the 
target, far higher than the production of the vowel 12d, 48.62% for the HVPT and * 
45.85% for the LVPT, while only 32.15% for the control group. However, the difference 
between each group was not significant. Only proficiency and vowel were significant 
effects in TC, as the high proficiency group performed robustly better than the low, and 
that the huge variation in performance of target production of Id over /as/ was also 
significant. Both of these will be discussed in details in the next two research questions. 
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Note that Proficiency x Vowel was also significant as both groups produced the vowel 
Id more accurately than /ae/, which was in accord with the results in the production 
posttest. The results showed that the training approaches were seemingly not a factor for 
the generalization effect. Rather, other factors had contributed to the generalization and 
they will be discussed in the following sections. 
5 . 3 . 3 . 1 DISCUSSION OF THE RESULT IN TEST OF CONTEXTUALIZATION 
The generalization effect of production, which is called the contextualization effect 
in the present study, has not been tested in any previous studies. The goal of including 
Test of Contextualization was to look further whether the transfer of perceptual learning 
to production, if any, can still be maintained in or be transferred to more natural speech. 
The findings indicate that even though the HVPT outperformed the LVPT group by 
around 2-5%, the difference of their performance was not significant {p = .062), 
meaning that the contextualization pattern was similar to each other no matter what 
trainings they received. It was rather a matter of what English proficiency they had that 
determined their performance, as proficiency was a significant factor in the test {p 
=.015). Despite that proficiency was not a significant effect in the production posttest 
(speculated as due to the subject population, see 5.4), the contextualization results seem * 
to suggest that once the subjects have implicitly acquired how to produce the two 
vowels after the training (production posttest results of the HVPT: improved by 18.69%; 
of the LVPT: improved by 8.18%), no matter what training they received, they can 
generalize also the target pronunciations of the vowels even in natural speech to 
different extents depending on their English proficiency level 
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The high proficiency group performed significantly better than the low proficiency 
group for both vowels. As mentioned, the proficiency level of the subjects was 
determined by using their average grades in listening (hence related to the perceptual 
aspect), and oral (hence related to the production aspect) public exam. The high 
proficiency group may be better trained to envisage task-solving which requires them to 
speculate what the aim of the task is for. They may also have higher aptitude and 
motivation in learning. Due to these two reasons, they may be more attentive to the 
differences between the two vowels than the low proficiency group; hence they were 
more aware of the fact that TC required them to produce the vowels accurately. It is 
reflected by some of their deliberate exaggeration in productions of some target words 
and their comments that the passage was similar to tongue-twister due to the presence of 
rhyming across some sentences. Thus it is speculated that the high proficiency group 
successfully noticed the aim of TC and the nature of test, which may lead to the better 
performance of the group. 
As mentioned, the difference between the two proficiency groups is possibly due to 
the test-wise nature and attention of the high proficiency groups. The claim can be 
ftirther confirmed by looking at the consistent performance of vowels in TC with the ‘ 
posttest. The vowel Id did not become a problem in TC production at all, as all groups 
including the control could reach as high as over an average of 95% of target production 
with high significance (p < .0001)，in line with the posttest (High: 93.86%; Low: 
92.05%); the vowel /ae/ has however posed more difficulties to the subjects as shown 
also in the posttest results (High: 64.21%; Low: 49.43%). Their results in TC (High: 
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52.00%; Low: 52.00%) was very close to or even lower than that of the posttest, 
meaning that their performance is limited to how much learning is transferred to the 
production aspect as shown in the posttest. Thus, it was logical for the subjects to obtain 
relatively poorer performance in TC than in the posttest. It reflects that the 
generalization was genuine and the difference between the two proficiency groups was 
more due to their aptitude and being test-wise. More discussions of the effect of 
proficiency group to the results will be discussed in section 5.4. 
5 . 3 . 4 SUMMARY 
Research Question 3 has been positively answered in this section. Generalization, 
although to different degrees, was found in both the perception and production of the 
two vowels of subjects in both training groups. 
For the perceptual generalization, it was found that the generalization was possibly 
due to the training effects and the degree of generalization was highly related to the 
stimulus variability. The higher the stimulus variability, the more generalization the 
subjects experienced. It echoes with previous findings that the HVPT is a more 
advantageous approach than the LVPT. 
Concerning the results in the production domain, although some degrees of ‘ 
generalization can be observed among the trained subjects, the statistical analyses 
however showed that the generalization was significant not because of the training 
approaches but the English proficiency level of the subjects. Subjects with high 
proficiency could generalize better in the production contextualization test than those 
with low proficiency. The possible accounts have been elucidated above. More details 
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on the role of English proficiency level of the subjects on the perceptual and production 
performance is going to be presented in the next section. 
5 . 4 THE EFFECT OF PROFICIENCY GROUPS - RESEARCH QUESTION 4 
5 . 4 . 1 REVIEW OF RESEARCH QUESTION 4 
Research Question 4: 
What are the effects of English proficiency in different training groups in their 
perception and production of the English vowels /e/ and /ae/? 
Previous studies (e.g. Bradlow et al., 1997; Strange & Dittmann，1984; Wang 2002; 
Yamada, 1995) on the investigation of the effectiveness of the HVPT and the LVPT in 
the modification of both/either the perceptual and/or the production of English 
consonants or vowels showed substantial individual variations in the degree of 
acquisition in the two domains. The analyses further implied that there were some 
underlying factors affecting individual performance. Research Question 4 was hence 
raised in the present study with a view to investigating whether the level of English 
proficiency would be a determining factor. To answer this research question, we have to 
see if proficiency played a role in different treatment groups by viewing if this effect 
was significant as well as how it interacted with other factors. The results of the trained 
subjects who were grouped according to their proficiency levels were analyzed by using ‘ 
statistical means and are restated below. The discussions will be done for both 
perceptual and production aspects together. 
5 . 4 . 2 PERCEPTUAL ASPECT 
The factor proficiency, which was speculated to be an influential factor affecting 
the performance of the trained subjects, was analyzed for the HVPT and the LVPT 
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groups separately. Together with two repeated measures, test and vowel, the statistical 
analysis for the posttest perceptual identification result was run to test the effect of 
proficiency on the subjects' perceptual performance after training. 
In the posttest, proficiency alone was not a significant main effect for the 
performance in both the HVPT and the LVPT groups. For the HVPT group, only 
interactions of proficiency with other factors, such as Proficiency x Vowel and 
Proficiency x Test x Vowel, were significant. Proficiency x Vowel was significant as the 
high proficiency group tended to identify the vowel /e/ more than /ae/; Proficiency x 
Test X Vowel was significant as both the high and low proficiency groups showed 
improvements of the perception of the two vowels from the pretest to the posttest. These 
indicate that significance can only be reached when proficiency with other factors were 
combined. For the LVPT group, however, even no effects or interactions related to 
proficiency were observed. 
In the two Tests of Generalization, proficiency was not a significant factor either. 
In both tests, only the interaction Proficiency x Vowel was robust. In TGI, subjects with 
both high and low proficiency levels identified the vowel Id more than /ae/; in TG2, 
only the low proficiency group in the identification of the vowel /ae/ more than Id had ‘ 
significance. Proficiency did not play a significant role in the performance in both 
supplementary tests. 
5 . 4 . 3 PRODUCTION ASPECT 
Likewise, proficiency was not a significant main effect in both the HVPT and 
LVPT groups' performance in the production posttest. For the HVPT group, only Test x 
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Vowel X Proficiency was significant, because the subjects' improvement in the 
production domain from the pretest to the posttest across proficiency levels and vowels 
was different. For the LVPT group, both Test x Proficiency and Test x Vowel x 
Proficiency were significant. The significance of Testx Proficiency was owing to the 
significant production improvement of the high proficiency group from the pretest to 
the posttest while interaction of Test x Vowel x Proficiency was due to the significant . 
improvement of the vowel /e/ in the low proficiency group and the significant 
improvement of the vowel /ae/ in the high proficiency group. 
Proficiency was, however, found to be a significant main effect only in TC, as the 
high proficiency group produced both target vowels more accurately than the low 
proficiency group (/e/: 97.56% vs. 95.64%; /ae/: 48.62% vs. 45.85%, both withp 
=.015). Note that the interaction Proficiency x Vowel was also significant since both 
the high and low proficiency groups produced the vowel Id more accurately than /ae/. 
Meanwhile, significance existed also between the performance of the two proficiency 
groups in the production of the vowel /ae/. 
5 . 4 . 4 DISCUSSION OF THE EFFECT OF PROFICIENCY GROUPS 
Language proficiency as a factor of L2 perception, a language aptitude-related ‘ 
factor, has remained as an area with extremely scarce attention and research when 
compared to well-documented factors such as age of learning L2 (e.g. Flege et al , 1999; 
Yamada, 1995) or phonological inventories of the LI and L2 (e.g. Kuhl, 2000b; Polka, 
1991). Studies that investigated not directly the factor L2 proficiency, but related 
notions such as phonological short-term memory (e.g. Hummel, 2009; MacKay et al., 
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2001)，pitch-level ability (Lee et al” 2007) or even musical ability (e.g. Alexander et al., 
2005; Sieve & Miyake, 2006) on L2 perception, have shown that these factors influence 
the success in L2 perception. The present study hopes to shed light on this aspect by 
experimenting with a more general notion, the general L2 proficiency in perception 
(evaluated by their grades in a listening public exam) and production (evaluated by their 
grades in an oral public exam) to bring forth preliminary understanding of how 
language aptitude may influence L2 speech perception and production in general 
In the present experiment, all the results in the perception and production tests, 
except TC, discounted L2 proficiency as a factor affecting the perceptual and production 
performance of the subjects. It seems to disagree with the hypotheses stated in this 
thesis and implications shown by previous studies that L2 proficiency is speculated as a 
variable which affects L2 phoneme learning. The reasons of proficiency being an 
insignificant factor are explained below. 
5 . 4 . 4 . 1 PERCEPTION AND PRODUCTION AS A PROCESS 
Previous studies related to the investigation of language aptitude or L2 proficiency 
generally showed positive correlation or influence to L2 learning. The perception and 
production of L2 sounds are part of SLA and L2 learning; yet, this area remains an ‘ 
ever-being difficulty among L2 learners even if they have acquired high level of 
proficiency in other areas such as writing or reading of the L2. 
Due to the discrepancies in the success of L2 acquisition in different areas, the 
present study employed and limited the notion ofL2 proficiency to the subjects' general 
proficiency in the language perception and production levels, so as to provide a fair 
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ground for comparison. The present negative data with statistical significance suggest 
that proficiency level did not influence the performance of the subjects. This further 
implies that L2 phoneme perception and production are higher-level of processing that 
involve the utilization of an innate and human-specific specialized module but not 
simply general listening or speaking ability. It is due to the fact that high ability in 
general listening of the L2 may not lead to the understanding of minor acoustical or 
durational cues of the vowels; nor that high proficiency in general speaking and 
communication in the L2 may not necessarily be linked to accurate articulatory and 
motor gestures. 
In fact, the present findings are in line with both the motor theory (Liberman, 1991; 
Liberman & Mattingly，1985) and the Direct Realist (Best, 1984, 1993, 1994a, 1994b; 
Fowler, 1986, 1989, 1990) approach to speech perception. Both theories state that 
general mechanisms governing audition and perceptual learning cannot contribute to the 
perception of speech sounds. It is owing to the fact that the perception of speech sounds 
"depends on a specialized decoder or module that is speech-specific, unique to 
humans... innately organized and part of the larger biological specialization for 
language，，(Diehl et al., 2004, p. 152). Hence, the present study agrees with the two * 
theories that general proficiency level in listening and oral may not necessarily be 
influential to the modification of the specific, underlying, and abstract speech 
perception and production system. 
Moreover, the listening and oral exams require more intelligence, communicative 
ability and general understanding of the contexts but not simply speech perception and 
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production ability. These hence may be some confounding variables which lead to the 
present findings. As also discussed and justified in section 5.3, proficiency is the only 
significant factor in TC but not in all other tests. This phenomenon has been justified to 
be due to the language ability and test-wise effect of the subjects attributed to their 
general proficiency. It is in agreement with the present suggestion that learning new 
contrasts and the retiming of the L2 phonological system appears to be mediated by 
other language learning factors. Future research may adopt phonological short-term 
memory or sensitivity in vowel duration of the subjects as factors to see the difference 
with the present findings. 
5 . 4 . 4 . 2 INDISTINGUISHABLE PROFICIENCY LEVELS OF THE SUBJECTS 
Another reason for the non-significant effects of proficiency may also be because 
the gap between the high proficiency group and the low proficiency group may not be 
necessarily large enough to label the subject as having genuinely high or low 
proficiency. It is due to the fact that all the students, although they were chosen from the 
same school with similar language learning experience, may still have very close 
proficiency levels since they receive the same education. It is worth noting that the gap 
between the two groups was only one letter grade (as mentioned in Chapter 2). It would * 
be ideal to provide a larger gap between the two groups so as to eliminate those 
marginal cases; yet, students from the same school seldom have very extreme 
performances in their English proficiency levels. Thus, the grouping in proficiency may 
inherently be indistinctive in itself to reveal significant effects. Balancing both language 
background and a genuinely-wide gap between proficiency groups is hence a challenge 
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that should be well-controlled by the researcher, which is now present as a possible 
limitation of the study. 
5 . 4 . 5 SUMMARY 
L2 proficiency may exist as a confounding factor that has influence on the 
perception and production of L2 phonemes, as implied by earlier studies. However, the 
results of the present study are not in line with this understanding. As mentioned, it may. 
be due to the fact that speech perception and production are more abstract and 
specialized decoding processes which general listening and oral exam proficiency 
involving other language learning factors cannot be compared with. Although the 
present research findings did not provide evidence for the effect of general English 
proficiency level on the subjects' speech perception and production, they have provided 
confirmations that speech perception and production are subtle and require more 
research and investigations on their underlying mechanisms. 
Proficiency was one of the factors in investigation and Research Question 4 has 
been answered in this section. The following section answers the last research question 
concerning the role of vowel difference in L2 speech learning. 
5 . 5 T H E EFFECT OF VOWELS - RESEARCH QUESTION 5 « 
5 . 5 . 1 REVIEW OF RESEARCH QUESTION 5 
Research Question 5: 
Is there any difference in the ease of perceptual identification or production of the 
vowels /e/ and /ae/? 
It is worth noting that vowel itself acted as a crucial factor in influencing the 
degree of improvement of the subjects in the present study, both in the perception and 
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production aspects, since the noticeable difference between the scores of the two vowels 
(the vowel /e/ was consistently more accurately identified or produced than /ae/) implied 
that there were possible underlying factors related to the vowels, which were probably 
the inherent properties of the vowels or mechanisms in language acquisition. Before 
presenting the discussion in the following sections, a general review of the results in all 
perception and production tests will be shown first. 
5 . 5 . 2 PERCEPTUAL ASPECT 
In the posttest, vowel was not a significant main effect for both the HVPT and the 
LVPT groups. For the HVPT group, three interactions, Proficiency x Vowel, Vowel x 
Test and Test x Proficiency x Vowel were related to the effect of vowel and were 
significant. Some of the reasons ascribed to the significance of Proficiency x Vowel and 
Test X Proficiency x Vowel have been presented in Research Question 4. The only one 
left was Vowel x Test. It was significant since both vowels were significantly more 
accurately identified from the pretest to the posttest. For the LVPT group, no interaction 
related to vowel as the main effect was significant. 
In TGI and TG2, vowel was a highly significant main effect (TGI: p < .0001; TG2: 
p = .019)，although the reason was different: the vowel /e/ (80.95%) was more , 
accurately identified than /ae/ (69.62%) in TGI, whereas TG2 was the opposite case, 
with the vowel /ae/ (78.70%) slightly more accurately identified than /e/ (71.27%). 
Proficiency x Vowel was also a significant interaction in the two tests. Nevertheless, the 
difference of the interaction was not the same for TGI and TG2. In TGI, both 
proficiency groups identified the vowel Id more accurately than /ae/ while in TG2, it 
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was the low proficiency group which identified the vowel Ixl more accurately than Id. 
5 . 5 . 2 . 1 DISCUSSION OF THE EFFECT OF VOWELS ON PERCEPTUAL LEARNING 
As elucidated in Chapter 2, the vowel /e/ (half-open front short vowel) and a 
diphthong /ei/ exist in the Cantonese vowel system (e.g. Chang, 1975; Handbook of the 
IPA, 1999; Lo, 2000). The vowel Izl and the starting point of /ei/, i.e. Id (a front vowel 
that is intermediate between half-close and half-open) are highly similar to the English . 
vowel Id (though some researchers regard the vowel Id as a co-existing phoneme in 
Cantonese and English. See Chan & Li, 2000; Meng et al., 2007 for details). The vowel 
/ae/ (a front vowel that is between half-open and open) exists only in English but not in 
Cantonese, but is also highly similar to the vowel /e/. There is also a high degree of 
spectral overlapping of the /e/-/ae/ contrast, meaning that the contrast is intrinsically 
spectrally confusing (Hillenbrand & Clark，2000; Wang, 2002). 
As suggested by Flege (1992), LI phonetic categories were established in advance 
and the learner would gradually become optimized for LI sound decoding and encoding. 
Entering of L2 sounds into the pre-established system may be reluctant and it hence 
contributed to the common assimilation phenomenon of L2 sounds to the LI system. 
The greater the similarity between a sound in LI and L2, the higher the chance that « 
learners would ignore the minute phonetic differences between the two vowels. Hence, 
due to the high similarity of the vowels Id and /ae/ and with the vowel Izl in the LI, the 
perception of the contrast was difficult for the Cantonese subjects. Although the vowel 
Id was consistently (except for only once in TG2) more accurately perceived than the 
vowel /ae/ in general across different tests, statistical verifications have established that 
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the effect of vowel was only significant in TGI and TG2. The perception accuracy of 
both vowels in the posttest was also just around 65% in the posttest and around 75% in 
both TGI and TG2. Although the two training groups have improved significantly from 
the pretest to the posttest (as explained in Research Questions 1 and 2) and had 
generalization (as explained in Research Question 3), the perceptual performance was 
still far beyond native-like accuracy, suggesting that the confusion of the perception of . 
the two vowels remained difficult to be overridden. The findings confirmed some 
theories and models in non-native contrast vowel perception such as the Speech 
Learning Model (Flege, 1991, 1995b, 1999, 2002, 2003) and Perception Assimilation 
Model (Best, 1994, 1995; Best et al., 1988; Best et a l , 2001; Best & Strange, 1992; Best 
& Tyler，2007), which will be explained below. 
5 . 5 . 2 . 2 SPEECH LEARNING MODEL 
The Speech Learning Model (SLM; Flege, 1991，1995b, 1999，2002，2003) 
proposes that when the differences between LI and L2 sounds or between two L2 
sounds are perceived, L2 phonological categories can be established. Also, L2 vowels 
which are more unlike any LI vowel will be an advantage for the learners to establish 
robust categories than L2 vowels that are similar to any in LI. Thus, according to the * 
SLM, since the two English vowels /e/ and /ae/ are highly similar to the Cantonese 
vowel /e/，the perception and identification of the two vowels was difficult. 
It is also interesting to note that the findings seem to agree with the SLM in 
another way. As mentioned, the confusion of the contrast still existed even after the 
training. However, the significant improvement shown after the training showed clues 
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that the perceptual categories, although not yet completely established, had at least 
started to be establishes among the subjects when they started to be able to perceive the 
differences between the target vowel contrast. 
5 . 5 . 2 . 3 PERCEPTUAL ASSIMILATION MODEL 
Similar to the SLM, the Perceptual Assimilation Model (PAM; Best, 1994, 1995; 
Best et al., 1988; Best et al , 2001; Best & Strange, 1992; Best & Tyler, 2007) postulates 
that the perception of two L2 sounds lies in the phonetic-articulatory similarities. L2 
learners classify L2 sound contrasts into different phonetic categories according to the 
similarity of the two sounds and the perceived difference between the LI and L2 sounds. 
It also posits four assimilation patterns for two L2 sounds to the learners' LI system: 
Two Category Assimilation (TC), Category Goodness Assimilation (CG), Single 
Category Assimilation (SC) and Non-Assimilation (NA). This model predicts that 
learners' successful performance in distinguishing different L2 sounds will be in the 
order: TC > CG > SC. More detailed introduction of the PAM is in Chapter 2. 
The current findings suggest that the subjects did not have a clear category 
distinction for the /e/-/ae/ contrast since the pair are said to be under SC. The SC 
contrast is predicted to be difficult since the two sounds are similar to the native sound. « 
It has been shown in a previous research (Wang, 2002) and the present pretest results 
that the perceptual confusion of the two vowels existed among Cantonese-speaking 
subjects. Although improvements were found after the training, the non-significant 
difference and below native-like accuracy still confirm the PAM. 
There existed, however, significant differences between the identification of 
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vowels /e/ and /ae/ in both TGI and TG2. The pattern of performance was even totally 
opposite for the two tests (TGI: /e/ > /ae/,/? < .0001; TG2: /ae/ > /e/，p = .019). It 
appears to violate what is suggested in the SLM and the PAM. Likewise, as explained in 
Research Question 3, the reason why the vowel /ae/ was more accurately identified than 
vowel /e/ in TG2 may be due to the higher percentage of learning of the vowel /ae/ in 
the training. Note that the greater improvement in the vowel /ae/ than /e/ from the pretest 
to the posttest was however not significant. However, this suggests that the significant 
difference of the vowel /ae/ being more accurately identified than /e/ may neither be 
relevant to the properties of the vowel itself nor language acquisition due to LI 
interference. It may rather be due to the fact that the subjects have obtained more 
speaker-specific information to identify the vowel /ae/ more than Id. 
Yet, it is still worth noting that the accuracy of both vowels in both tests was 
substantially poorer than near-perfect performance achieved by general native speakers. 
It suggests that the contrast still remained as a difficulty among the subjects, although 
the generalization effect had already shown signs of perceptual learning and hence 
preliminary establishment of the perceptual categories. Thus, the findings still appear to 
agree with the SLM and the PAM. Another speculation to the discrepancy and the « 
significant difference of the two vowels can be ascribed to the limitation of the number 
of test tokens, as aforementioned in 5.3.1 
The number of test tokens of each vowel was only half of that used in the posttest, 
meaning that the subjects' generalizability of the two vowels was determined only by 15 
tokens. The test size may not be large enough to allow convincing high percentage 
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difference to mean exactly different performance. Take the mean scores and percentages 
of the results of the HVPT group in TGI which had the largest difference as an example. 
The HVPT subjects in TGI scored 84.5% for the vowel /e/ while 68.1% for the vowel 
/ae/. The percentage difference was 16.29%, which appeared to be large. However, the 
actual scores of the identification of the two vowels were 12.67 and 10.23 respectively. 
The actual difference between the identification of the two vowels was only 2.44 items,, 
suggesting that the difference between the identification of the two vowels was in fact 
quite close to each other. Nevertheless, it is not meant to ignore the statistical 
significance observed between the two vowels. There may be other factors at work 
which give rise to this seemingly contradictory result. More research with more careful 
expansion of the number of test items can be done to further test the claim. 
After considering the place of vowel in perception and the relation to two major 
speech perception models, the following part will present the different effects of vowels 
in the production performance of the subjects which has a different picture to what has 
been predicted in the perceptual results. 
5 . 5 . 3 PRODUCTION ASPECT 
In contrast to the results of the perception tests, vowel was a significant effect (p « 
=.002) in the posttest for both the HVPT and the LVPT groups. Vowel was significant 
in both the HVPT and the LVPT groups due to the more accurate production of the 
vowel Id than /«/ (HVPT: 93.53% vs. 68.05%; LVPT: 92.5% vs. 44.41%). For both 
groups, the interaction Test x Proficiency x Vowel was also significant, which was 
mentioned in the discussion of Research Question 4. " 
PERCEPTION AND PRODUCTION OF ENGLISH VOWELS 173 5 
In TC, vowel was also statistically robust {p < .0001) as it matched the posttest 
results that the production of the vowel Id was more accurate than /ae/ for all the 
subjects (HVPT: 97.56% vs. 48.62%; LVPT: 95.64% vs. 45.85%; Control: 95.72% vs. 
32.15%). Proficiency x Vowel was the only significant interaction related to the main 
effect of vowel, and it was found to be echoing the main effects of vowel, since both 
proficiency groups produced the target vowel Id more accurately than /ae/. 
5 . 5 . 3 . 1 DISCUSSION OF THE EFFECT OF VOWEL ON PRODUCTION 
The production of the vowel Id reached over 90% of accuracy in the posttest and 
even over 95% in TC, far higher than the perceptual result in the posttest (around 65%). 
The target production of /ae/ was just around 65% in the posttest and 45% in TC, 
showing a close result to the perception posttest (around 65%). 
The fact that there exists a highly similar vowel /e/ while some consider the same 
vowel /e/ in Cantonese may be the reason why the result of the vowel /e/ production 
was far higher than the perceptual result and had almost reached near-native accuracy. 
Nearly fiill transfer of the vowel Id had taken place. Nevertheless, the overridden 
results of production accuracy over that of the perception test seem to have violated 
what has been stipulated in the aforementioned perceptual models or theories. It also » 
disagrees to the notion that perception exists as a prerequisite of production and that the 
production will only be limited under the amount of perceptual learning (Bradlow et al., 
1997). 
From the results, it appears that the perceptual learning of /e/ was not only 
transferred to the production, but the vowel Id also became a fully-acquired vowel in 
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terms of production. The reason is perhaps during perceptual learning, the subjects 
could not get any acoustic cues from the LI system to help establish new categories for 
/e/ and /ae/ due to the highly spectral similarity of the two English vowels and the 
Cantonese vowel. The subjects had to distinguish between the difficult contrast /e/-/ae/, 
which they were confused about and could not discriminate one from the other, hence 
leading to only around 65% of perception accuracy. Yet, the high accuracy in production 
may be due to the consistent production preference for the vowel Id which they found 
no problem with in the production of Cantonese (this vowel is at least present as the 
starting point of the Cantonese diphthong /ei/). By imitating or using directly what they 
used to produced in Cantonese can the subjects produce highly accurate English vowel 
/e/，even though the perception of the vowel contrast was still with a high degree of 
difficulty. 
The consistent inclination in the production of the vowel /e/ is also shown in the 
results of the vowel /ae/ production, where the subjects continued to mistakenly produce 
the vowel /ae/ as Id. This replicates several studies investigating the English 
phonological system of Hong Kong teenagers or adults (e.g. Chan & Li, 2000; Hung, 
2000). Since vowel 12d is absent in Cantonese but is highly similar to the vowel /e/，the « 
subjects' phonemic system which may have become resistant to include a new sound 
category that is too similar to the LI sound may just assimilate /as/ with the vowel /e/, 
both in perception and production. The under-difFerentiation of the distinction between 
the English vowel /e/-/ae/ contrast in perception leads to the difficulty in realizing the 
learning in articulation. This just agrees to both the SLM and PAM. 
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Due to the heavy reliance on the production of the vowel Id for both vowels, the 
accurate production of the vowel /ae/ would demonstrate genuine transfer from 
perceptual learning to production, because if the subjects did not opt for the vowel /e/ as 
the production but the target /ae/, it suggested they had learnt the articulatory and 
acoustic difference between the vowel contrast successfully. This further suggests that 
the highly accurate production of the vowel /e/ may not necessarily equal to being able . 
to distinguish the vowel /e/ from /ae/ in production, because if the subjects did not 
successfully improve in the target production of /ae/, they will only produce /e/ as a 
substitution. It is however interesting to notice that the subjects showed no sign of 
preference in identifying the vowel /ae/ as Id (or vice versa) in the perceptual training 
and tests. It further implies the subjects just relied on the imitation of the LI vowel /e/ 
or had full LI transfer only in the production and the minute differences in the vowel 
contrast still exist as a difficulty among the subjects. Further investigations are needed 
to confirm the claim. 
5 . 5 . 4 SUMMARY 
This final research question has been answered in this section. As shown, vowel 
plays a more active role in production than in perception. The contrast between the « 
vowels /e/ and /ae/ still remained as a difficulty in perception, as explained with the 
SLM and the PAM, whereas the vowel Id became the preference in production for both 
/e/ and /ae/ by the subjects due to the fact that a highly similar vowel /e/ exists also in 
the LI. Accurate target production of /ae/ would hence demonstrate a genuine effect of 
successful acquisition of the vowel. ‘ 
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5 . 6 SUMMARY OF THE CHAPTER 
All the research questions in this study have been answered and elucidated through 
statistical tests. Training appeared to be effective in modifying native Cantonese 
speakers' perceptions and productions of the target English vowels Id and /ae/ to some 
degree while factors such as proficiency and vowel were also the main effects in the 
performance of some of the subjects. With reference to the five research questions, the . 
results in the perception and production tests have offered positive answers to most of 
them. Here a recapitulation of the answers to the research questions will be presented in 
the following paragraphs. 
For Research Questions 1 and 2，the HVPT was consistently shown to be a more 
effective approach than the LVPT in the improvement of both perception and production 
of the /e/-/ae/ contrast. It has been justified by the utilization of highly variable stimuli 
which promoted the development of a more consistent mapping between the stimuli and 
responses. Meanwhile, both training approaches in general also led to a noticeable 
amount of improvement, denoting that L2 learning can be facilitated under experimental 
and training conditions even the phonemes posed great difficulties among the subjects. 
Furthermore, the training effects were found to be able to generalize to perception « 
of new words and new speakers. Again, the HVPT outperformed the LVPT group, 
which is in line with earlier studies that high stimulus variability leads to generalization. 
Yet, generalization in perception due to the training effects was not accompanied by 
production contextualization. It is speculated that other factors such as language 
aptitude led to the promotion of a considerable amount of contextualization of the 
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vowels. 
Besides investigating the different training effects, proficiency, as an influential 
factor to the performance of the subjects speculated at the beginning of the study, was 
also one of the foci of this study. Nevertheless, proficiency was not a significant factor 
in the perception and production of the subjects. It may be because speech perception 
and production are neurological processes that may not be affected by general 
proficiency levels. It is also likely that the proficiency level between these subjects was 
not large enough to show distinctive differences. More investigations in this area remain 
as interest to the researcher. 
Lastly, vowel as an effect to the performance of the subjects was found to be 
insignificant in the perception. The vowel contrast still remained as a great difficulty 
among the subjects, even they have improved significantly after the training. This could 
be well-explained by the two perceptual models for non-native contrast learning, the 
Speech Learning Model and Perceptual Assimilation Model On the other hand, there 
exists an observable amount of difference in the production of vowels since the 
production of the vowel Id achieved near native-like accuracy but the vowel /ae/ still 
remained difficult. It is speculated that full LI transfer of vowel /e/ to L2 took place but « 
the phonetic category of the vowel /ae/ was still in the midst of establishment. 
Based on the above accounts, the next chapter will focus on the discussion of the 
pedagogical and research implications. Together with the illustration of limitations and 
contributions of the studies, this thesis will end by shedding light onto future research 
possibilities in the next chapter. 
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CHAPTER 6 
CONCLUSION 
6 .1 AN OVERVIEW OF THE CURRENT STUDY 
The primary goals of the present study were two-fold: a) to investigate the 
effectiveness of two phonetic training approaches, the High-Variability Phonetic 
Training (HVPT) approach and Low-Variability Phonetic Training (LVPT) approach, on 
the perceptual learning of the English vowel contrast /e/ and /as/ among Cantonese LI 
speakers and b) to examine whether the perceptual learning can be transferred to the 
production domain. The generalizability of the training effects in both the perception 
and production aspects was also an interest in this study. Examining the effects of the 
English proficiency level and the nature of vowels on the learning of the subjects also 
added more insight to any possible underlying factors which influence speech 
perception and production. It was also hoped that exploring all the above goals can shed 
more light on the relationship between speech perception and production. 
Overall, the results indicate that both the HVPT and the LVPT approaches were 
4 
effective in modifying the subjects' perception and production of the English /e/ and /ae/ 
contrast. For the perceptual learning, the subjects can generally gain from both training 
approaches as indicated by the significant increase of identification scores, while the 
subjects trained under the HVPT approach also consistently performed significantly 
better than the LVPT group. The learning of both groups can also be generalized to new 
words produced by familiar and new speakers, and the HVPT group generalized better 
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than the LVPT. Nevertheless, it was found that the subjects' English proficiency levels 
had no significant effect on their perceptual learning. Moreover, despite the 
effectiveness of the two training approaches (indicated by their significant improvement 
from the pretest to the posttest), the vowel contrast still remained as a noticeable 
perceptual difficulty among the subjects since the identification accuracy was still 
around 65% after the training. 
Concerning the transfer of perceptual learning to production, it was found that the 
trained subjects' improvement in perception was accompanied by the significant 
increase of the percentage of target production of the two vowels. The HVPT group also 
outperformed the LVPT group in the posttest while proficiency level did not have 
significant effects on the subjects' performance. The results in the Test of 
Contextualization (TC) showed that generalization to passage reading can be found, but 
without significant difference between both training groups. Rather, the effect of 
English proficiency played a role in the TC and showed that the high proficiency group 
outperformed the low proficiency group, probably due to the test-wise effect. The over 
90% of target production of the vowel Id whereas around 60% of target production of 
/ae/ showed there was a large gap in the degree of learning of the two vowels. The « 
subjects also tended to substitute /e/ for /ae/. It reflects genuine transfer from perceptual 
learning to production of /as/ since the improvement of this vowel in particular was still 
significant. 
The present research replicated the results of some previous studies (e.g. Bradlow et 
a l , 1997; Wang, 2002) that phonetic training can lead to successful perceptual learning 
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and some degree of transfer to production of non-native contrast which poses great 
difficulties among the subjects. Unattainable was the native-like performance, yet the 
subjects' robust improvement and high generalization effects in both perception and 
production of the vowel contrast suggest the effectiveness of this kind of training 
approaches which include identification tasks and immediate feedback. Most 
importantly, high stimulus variability in the training was attested in the present study to 
be a beneficial element that leads to a significant level of success of non-native contrast 
acquisition. The findings also imply that there exists a relationship between perception 
and production. Learning solely in the perceptual aspect can be transferred to the 
production domain even no explicit production instructions were given. The results also 
supported some of the claims of speech learning theories and models such as Flege's 
Speech Learning Model (Flege, 1991; 1995b, 1999，2002, 2003) and Libermans' motor 
theory (Liberman, 1991; Liberman & Mattingly, 1985). More research can be done to 
test the theories. 
The present study has provided insightful ideas on the possible modification of 
perception and production of non-native vowel contrast, even for some difficult cases. 
The contribution of this research will be pointed out in 6.2. However, there are also « 
limitations that should be pointed out so that future research can avoid them for the 
betterment of the research design. The limitations of the current study will be presented 
in 6.3，and the whole thesis will be ended with future research directions in 6.4. 
6 . 2 CONTRIBUTIONS OF THE CURRENT STUDY 
Relatively few studies (Iverson & Evans, 2007; 2009; Lambercher et al., 2005; 
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Langeris, 2009; Nishi & Kewley-Port, 2007b, 2008; Wang, 2002) in the perceptual 
training literature have aimed to investigate the perception and/or the production of L2 
non-native vowel contrasts. Most of the studies have focused on the perceptual training 
on non-native consonant contrasts, among which studies on the English /j/-/l/ contrast 
by Japanese speakers were most extensively investigated. The current study has offered 
insightful empirical data for L2 vowel training. Moreover, with the only exception of . 
Wang (2002) who trained Mandarin and Cantonese speakers' perception of English 
vowel contrasts, no other research on vowel training has examined the perception and 
production of the English vowel contrast /e/-/ae/ of Cantonese speakers. The present 
research has started preliminary work to enrich relevant perceptual training studies 
concerning Cantonese speakers of English. 
Another contribution of the present study was the exploration of efficient phonetic 
training approaches by comparing and contrasting directly the HVPT and the LVPT 
paradigms. Despite that Lively et al. (1993) had examined the role of speaker variability 
in learning new perceptual categories, this study focused only on the perceptual aspect 
and mainly on the generalization results. Other studies (e.g. Bradlow et al , 1997; 
Lambacher et al., 2005; Wang, 2002) only claimed that the HVPT was effective in both . 
perceptual learning and production improvement of some segments without making any 
comparison to its counterpart, i.e. the LVPT. Readers can only deduce the claim that 
high stimulus variability plays a crucial role in both perceptual training and production 
improvement solely based on the positive results of those studies using the HVPT 
approach, or by comparing previous research that examined the LVPT approach. The 
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current study hence offers the first solid conclusion to the claim that stimulus variability 
is at work under laboratory-based perceptual training. 
Concerning again the notion of stimulus variability, the present study has 
deliberately organized the training tokens in the HVPT training session in random, 
allowing the subjects to be exposed to mixed speakers in one session. Previous studies 
(Bradlow et al., 1997; Lively et al., 1993; Logan et al., 1991), however, blocked the 
tokens under the speakers, meaning that the subjects had to listen to all the tokens 
produced by one speaker before another. It was reported that the speaker effect was 
persistent during training since some subjects tended to identify words by some 
speakers more accurately than the others. It means that the subjects in the experiments 
acquired speaker-specific information to identify the vowels in the posttest, rather than 
extracted the key phonetic information of each token. This in fact was a limitation of 
those studies which should be avoided to allow fairer claim of the effectiveness of the 
training approaches. The current research design on the training approaches avoided the 
speaker effect and bettered the methodology of the phonetic training approaches. 
In addition, all previous perceptual training studies mentioned in this thesis, which 
had attempted to examine the generalizability of the training effects, had only examined * 
this external validity claim in the perceptual aspect. None had considered the 
generalization effect in the production domain, i.e. whether the production improvement 
can be retained under a more naturalistic context. The adoption of the Test of 
Contextualization in the present study gives preliminary insights on how transfer of 
learning to the production aspect can be extended and be more practically utilized in 
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natural speech. 
6 . 3 LIMITATIONS OF THE CURRENT STUDY 
The present research has contributed to the research area on speech perception and 
production, but there are still some limitations that should be considered. First, it would 
be ideal to control the phonetic environments and the syllable structures when the 
training and testing tokens were to be selected. The present research has adopted the use 
of mono-, di- and even poly-syllabic words with highly varied phonetic environments. 
The original aim was to enrich the stimulus variability in terms of the phonetic 
environments; yet, the fact that the effect of phonetic contexts, i.e. the coarticulation 
effect, on the target vowels reported in previous studies (e.g. Jenkins, Strange, & Trent, 
1999; Strange, 1992; Strange, Yamada, Kubo, Trent, Nishi & Jenkins，1998) was 
ignored. Although based on the result of the pilot study, the researcher had eliminated 
some words that were particularly problematic due to the phonetic environments of the 
words, and it appears that the subjects in general did not have noticeable performance 
discrepancies in particular words with certain environments throughout the training, 
future research studies should still put an effort in controlling the phonetic environments 
or instead also examine the effect of phonetic contexts. * 
The treatment procedures and design of a laboratory training experiment should be 
well-controlled and balanced. The present study however cannot recruit an equal 
number of subjects, although very close, for each group. This drawback lowered a fair 
evaluation of the training effects. Likewise, as mentioned in Chapter 5, the number of 
test tokens in all the Tests of Generalization and Contextualization were less than that in 
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the pretest and the posttest. It would have been more desirable if the same number of 
tokens can be used in all the tests. In spite of the use of fewer tokens in the 
generalization tests, the results in all these tests still offered a general picture of the 
generalization effect in both perceptual and production aspects. A larger amount of test 
tokens would also be preferred in future research. 
A four-alternative forced-choice test design was adopted in the present study to . 
increase the fairness of the data obtained. It is based on the assumption that the subjects 
did not have any response bias towards the choice of the free answer and the chance 
level of getting a correct answer of each response remains at 25%. However, it was 
likely that listeners might have response bias either towards or away from the using the 
free answer response, making the assumption of 25% chance level inaccurate. Although 
the researcher had balanced the number of correct responses that appeared in each serial 
position, the possibility of subject bias may still be present and this limitation should not 
be overlooked. Any further follow-up study can amend this research design by stating to 
the subjects at the outset of the experiment that the frequency of occurrence of each 
answer, including the free-answer choice, is equal so that any bias towards or away 
from the free answer can be eliminated whereas the merits of the four-alternative test « 
design can still be maintained. 
Finally, it should be noted that only a very limited amount of acoustic analysis on 
the subjects' production was done in the present research to ascertain the findings in the 
production tests. Intra-rater and inter-rater reliability on transcriptions were done by the 
researcher and a phonetically-trained doctoral student to ensure more accurate reflection 
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of the subjects' performance. The Pearson correlation tests for the different transcription 
scripts (intra-rater: r = .982; inter-rater: r = .907) also showed that the transcriptions 
were at least over 90% of reliability (intra: 96.57%; inter: 94.74%). Moreover, the 
follow-up selective acoustic analysis also demonstrated a similar target production 
pattern across groups. However, if a more thorough and complete acoustic analysis of 
the productions produced by all the subjects and in all tests could be done, the research 
findings will be even more convincing and more information on the production patterns 
and qualities can also be examined. Also, given that both the transcribers are non-native 
speakers of English, it is possible that the high correlation of intra- and inter-rater 
reliability was due to the fact that both transcribers were consistently affected by their 
Cantonese phonology, making the transcriptions invalid. Nevertheless, the fact that the 
transcriptions and the selective acoustic measures align closely with each other showed 
that the present transcriptions were fairly valid, although it would be necessary for 
future research to have acoustic analysis on all subjects be done and with a group of 
native speakers transcribing the productions or making preference rating of the data. 
6 . 4 FUTURE RESEARCH DIRECTIONS AND IMPLICATIONS 
Besides building upon the suggestions raised in the above section, fiiture studies « 
can extend or amend the research design of the present study to contribute more to the 
research field. Foremost will be extending the investigation of the effectiveness of the 
HVPT and/or the LVPT approaches into other segmental (e.g. consonant clusters or 
other vowel contrasts) and suprasegmental (e.g. intonation, stress or accent) elements 
which pose great difficulties to the subjects or have different phonetic realizations in 
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Cantonese and English. Of further empirical and pedagogical interest would be to 
extend the investigation of the training effects to other populations of different ages, L2 
experience and gender. All of these research extensions can further test the external 
validity of the training approaches and may be able to be adopted in second language 
classrooms or L2 phonology programmes for amelioration of some difficult 
phonological problems. 
Studies investigating subjects with other LI and L2 systems would surely enrich 
the research field of perceptual training and shed more light on the learning 
characteristics of subjects with different language backgrounds. Also, this kind of 
cross-language evidence is necessary for drawing more solid conclusions of any 
possible concomitant relationship between perception and production. The present 
research findings have suggested the inextricable link between the two domains and 
more cross-linguistic research can further consolidate the theoretical premise or 
hypothesis of how the two domains are connected and interacted with each other. 
Perceptual learning and the transfer to production are said to be beneficial if the 
learning is permanent and can be generalized to different social contexts. A task testing 
the long-term retention of the training effects will be of great contribution to the * 
long-term effectiveness of the training effects. Generalization tests in other contexts, 
such as familiar words produced by a new speaker or in noise conditions, or 
contextualization tests in more conversational speech such as in impromptu speaking or 
prepared speech would all strengthen the claim that the training effects are generalizable 
and can provide more information on the degree of the generalizability. By expanding 
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the research design, the efficacy of training approaches across time and contexts can be 
well tested. The consistency of the relationship between perception and production can 
also be determined along different learning stages. 
The success of the phonetic training approaches only suggests that the training is 
beneficial to the subjects in the word level. Future research can compare and contrast 
the use of sentence-level with word-level training effectiveness. Also, if it is found that 
sentence-level and word-level are factors that affect L2 perception and/or production, 
current L2 perception and learning models may have to be reinvestigated to justify this 
context discrepancy. 
Additionally, although the training approaches, the HVPT method in particular, 
were proved to be very effective in terms of the robust improvement, the continuous 
confusion in identifying the contrast and the production of the vowel /ae/ imply that the 
training approaches may need more amendment and betterment so as to promote the 
strength of the approaches. Comparing the addition of production training or 
audio-visual training to the sole application of perceptual training or some combinations 
of the training on the effects of both perception and production changes will be 
enlightening for designing an efficacious training approach, and at the same time « 
exploring more on the link of perception or production - whether production training 
can also affect perception. 
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APPENDIX A 
Consent form and survey form for collecting the language background information of 
the subjects 
CONSENT FORM 
Speech Perception and Production 
T h e purpose o f this research is to investigate the relationship between speech 
perception and production. Research participants will complete a series o f tests and 
training sessions and fill in a written survey form related to your language background and 
habits. This research is important to understand h o w and to what extent speech perception 
can affect the second language production o f Cantonese speakers o f English. 
A t any time in the study, research participants may refuse to participate, discontinue 
their involvement at any time, and skip any questions or decline to participate in any 
portion o f the study that may make them feel uncomfortable. This will be done without 
jeopardizing their confidentiality. There are no foreseeable risks involved. 
Only the participating investigators will have access to the data. All data and audio 
clips obtained from the interviews will be destroyed after the study had finished. 
Participants are encouraged to ask the researcher, Janice Wong, questions about the 
research project at any time. T h e contact is listed below: 
W o n g Wing Sze, Janice 
MPhil Student 
Department o f English 
T h e Chinese University o f H o n g K o n g 
Phone: 9326-1796 
E-mail: love—aletheia@yahoo.com. hk 
< 
I verify that this study has been explained to m e and that I voluntarily agree to 
participate. I understand that if I have any hesitation, I reserve the right to discontinue my 
participation in the project at any time and may request that all information I have 
provided be destroyed. 
Participant Signature D a t e 
Thank you for your participation! 
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SURVEY FORM 
Language background and language-learning habits 
Thanks for participating in this research study! 
T h e information you provide will be o f high importance to the researcher and contribute a 
lot to the success o f the study. They will be kept confidential and will only be used for the 
research only. 
Please use E N G L I S H to fill in the form, and use Chinese /Cantonese only w h e n you find 
that you cannot express yourself. 
I. General Information 基本费料: 
N a m e 姓名: (Eng l i sh ) (中文) 
Age年齡: 
Grade 年級 : 
Nationality 國籍 : 
Place o f Birth 出生地 : 
Hearing deficit 聽 I E陣礙 :Y e s / N o If "yes," please specify 如 有 ’ I I 註明 : 
Speaking deficit I t括陣礙 : Y e s / N o If "yes," please specify 如有，M註明: 
Contact number (for research purpose o n l y ) 聯格電話： 
Contact email (for research purpose o n l y ) 職絡電郵地址 : 
II. School and HKCEE Infotmation _ 校 B 會者 g 料 : 
Medium o f Instruction at school 教 學 語 S : E M I / CMI 
« 
Year o f taking H K C E E 書考年份: 
H K C E E English g r a d e s 窗考英文科成緝： 
Paper l A - Reading: -n 
Paper IB - Writing: Overall 總成緝： 
Paper II — Listening: 
Paper III - Speaking: � 
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III. Language Background B雷背冊 : 
> Mother t o n g u e / First language 母語/第一語S: 
> Second language 第 二 語 S : 
> Third or more languages that you speak 第三或其他能播之瞎雷： 
> Stayingin an English-speaking country曾於以英語為主要語言之地方勤医： 
Yes / N o . 
If ‘‘yes，，，please specify 如有’謂註明： ( p l a c e ) (for h o w long) 
> Living in an English-speaking country曾於以英語為主要語雪之地方居住： 
Yes / N o 
If "yes," please specify 如有，謂註明：（place) ： (for h o w long) 
> Studying in an EngUsh-speaking country曾於以英語為主要晤雷之地方ff學：fe 
/ N o 
If "yes" please specify 如有，謂註明： (p lace ) (for h o w long) 
> A g e w h e n you started learning English 學習英語的年齡： ( years) 
> Learning English O U T I S I D E your school 在校外學習英晤的描會： 
Types of pfogramme 腰程類拥 From 由 To 至 
e.g. English tutorial courses for H K C E E April 2009 present 
> Contact o f English O U T S I D E your school 在校外接謂英S的渠遒： 
(e.g. watch English movies regularly, speak to native speakers regularly, etc.) 
Ways of contact接調英語的方法 Frequency頻車 
e.g. Watching English T V dramas Every night for 3 hours 
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APPENDIX B 
Language background information for all the subjects 
HKCEE English 
username Gender LI Age Exam Level Staying Living Studying Years of 
. . ^ . abroad abroad abroad learning 
Listening Oral 
HVPT (high proficiency) 
1 A16A07 F Cantonese 17.00 5.00 5.00 0.00 0.00 0.00 14.00 
2 A16A33 M Cantonese 17.00 5.00 5.00 0.00 0.00 0.00 14.00 
3 A16B03 F Cantonese 17.00 6.00 4.00 0.00 0.00 0.00 14.00 
4 A16B07 F Cantonese 17.00 6.00 6.00 0.00 0.00 0.00 14.00 
5 A16B09 F Cantonese 17.00 5.00 5.00 0.00 0.00 0.00 14.00 
6 A16B18 F Cantonese 18.00 6.00 4.00 0.00 0.00 0.00 14.00 
7 A16C15 F Cantonese 16.00 6.00 5.00 0.04 0.00 0.00 13.00 
8 A16C19 M Cantonese 17.00 6.00 6.00 0.00 0.00 0.00 14.00 
9 A16C22 M Cantonese 17.00 5.00 5.00 0.00 0.00 0.00 14.00 
Mean 17.00 5.56 5.00 0.00 0.00 0.00 13.89 
HVPT (low proficiency) 
1 A26A04 F Cantonese 18.00 5.00 3.00 0.00 0.00 0.00 15.00 
2 A26A16 F Cantonese 16.00 3.00 3.00 0.00 0.00 0.00 13.00 
3 A26A29 F Cantonese 17.00 3.00 5.00 0.00 0.00 0.00 14.00 
4 A26B04 F Cantonese 17.00 4.00 3.00 0.00 0.00 0.00 14.00 
5 A26B13 F Cantonese 16.00 5.00 3.00 0.00 0.00 0.00 13.00 
6 A26B19 M Cantonese 19.00 4.00 3.00 0.00 0.00 0.00 14.00 
7 A26B28 M Cantonese 17.00 4.00 3.00 0.00 0.00 0.00 14.00 
8 A26B30 M Cantonese 16.00 4.00 4.00 0.00 0.00 0.00 12.00 
9 A26C06 F Cantonese 17.00 2.00 5.00 0.00 0.00 0.00 14.00 
10 A26C20 M . Cantonese 17.00 3.00 3.00 0.00 0.00 0.00 14.00 
11 A26C24 M Cantonese 17.00 3.00 3.00 0.00 0.00 0.00 14.00 
12 A26C25 M Cantonese 17.00 4.00 4.00 0.00 0.00 0.00 14.00 
13 A26C29 M Cantonese 18.00 4.00 4.00 0.00 0.00 0.00 15.00 
Mean 17.08 3.69 3.54 0.00 0.00 0.00 13.85 
LVPT (high proflciency) * 
1 B16A15 F Cantonese 17.00 5.00 5.00 0.00 0.00 0.00 14.00 
2 B16A19 F Cantonese 17.00 5.00 5.00 0.00 0.00 0.00 14.00 
3 B16A26 F Cantonese 17.00 6.00 5.00 0.00 0.00 0.00 14.00 
4 B16A27 F Cantonese 17.00 6.00 6.00 0.00 0.00 0.00 14.00 
5 B16B23 M Cantonese 17.00 5.00 5.00 0.00 0.00 0.00 14.00 
6 B16C04 F Cantonese 16.00 5.00 5.00 0.00 0.00 0.00 14.00 
7 B16C18 F Cantonese 16.00 5.00 6.00 0.00 0.00 0.00 14.00 ‘ 
8 B16C23 M Cantonese 16.00 5.00 5.00 0.00 0.00 0.00 13.00 
Mean 16.63 . 5.25 5.25 0.00 0.00 0.00 13.88 
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L V P T (low proficiency) 
1 B26A03 F Cantonese 17.00 5.00 3.00 0.00 0.00 0.00 14.00 
2 B26A31 M Cantonese 17.00 3.00 3.00 0.00 0.00 0.00 14.00 
3 B26B06 F Cantonese 17.00 3.00 5.00 0.00 0.00 0.00 14.00 
4 B26B20 M Cantonese 17.00 4.00 4.00 0.00 0.00 0.00 14.00 
5 B26B27 M Cantonese 17.00 3.00 3.00 0.00 0.00 0.00 14.00 
6 B26B29 M Cantonese 17.00 5.00 3.00 0.00 0.00 0.00 14.00 
7 B26C03 F Cantonese 17.00 3.00 2.00 0.00 0.00 0.00 14.00 
8 B26C09 F Cantonese 17.00 5.00 2.00 0.00 0.00 0.00 14.00 
9 B26C14 F Cantonese 17.00 4.00 3.00 0.00 0.00 0.00 14.00 
10 B26C21 M Cantonese 16.00 3.00 4.00 0.00 0.00 0.00 13.00 
11 B26C28 M Cantonese 17.00 5.00 3.00 0.00 0.00 0.00 14.00 
M e a n 16.91 3.91 3.18 0.00 0.00 0.00 13.91 
Control (high proficiency) 
1 C16A14 F Cantonese 17.00 5.00 5.00 0.00 0.00 0.00 14.00 
2 C16A23 F Cantonese 17.00 5.00 5.00 0.00 0.00 0.00 14.00 
3 C16A28 F Cantonese 17.00 5.00 5.00 0.00 0.00 0.00 14.00 
4 C16A30 F Cantonese 17.00 5.00 5.00 0.00 0.00 0.00 14.00 
5 C16A32 M Cantonese 17.00 6.00' 5.00 0.33 0.00 0.00 14.00 
6 C16B10 F Cantonese 17.00 5.00 5.00 0.00 0.00 0.00 14.00 
7 C16B14 F Cantonese 18.00 5.00 5.00 0.00 0.00 0.00 15.00 
8 C16B17 F Cantonese 17.00 6.00 4.00 0.00 0.00 0.00 14.00 
9 C16C12 F Cantonese 17.00 5.00 6.00 0.00 0.00 0.00 14.00 
10 C16C17 F Cantonese 17.00 5.00 5.00 0.00 0.00 0.00 14.00 
M e a n 17.10 5.20 5.00 0.03 0.00 0.00 14.10 
Control (low proficiency) 
1 C26A05 F Cantonese 19.00 4.00 4.00 0.00 0.00 0.00 15.00 
2 C26A10 F Cantonese 17.00 4.00 4.00 0.00 0.00 0.00 14.00 
3 C26A11 F Cantonese 17.00 4.00 3.00 0.00 0.00 0.00 14.00 
4 C26A12 F Cantonese 17.00 4.00 4.00 0.00 0.00 0.00 14.00 
5 C26A17 F Cantonese 16.00 5.00 3.00 0.00 0.00 0.00 13.00 
6 C26A21 F Cantonese. 17.00 4.00 3.00 0.00 0.00 0.00 14.00 
7 C26A24 F Cantonese 18.00 3.00 4.00 0.00 0.00 0.00 14.00 
8 C26B22 M Cantonese 17.00 4.00 4.00 0.00 0.00 0.00 14.00 
9 C26C07 F Cantonese 17.00 3.00 3.00 0.00 0.00 0.00 14.00 
10 C26C08 F Cantonese 17.00 4.00 3.00 0.00 0.00 0.00 14.00 
11 C26C10 F Cantonese 17.00 4.00 4.00 0.00 0.00 0.00 14.00 
12 C26C27 M Cantonese 17.00 4.00 4.00 0.00 0.00 0.00 14.00 
13 C26C30 M Cantonese 17.00 3.00 3.00 0.00 0.00 0.00 14.00 
M e a n 17.15 3.85 3.54 0.00 0.00 0.00 14.00 
Note: 
• HKCEE Exam Level: Level 5* > Level 5 > Level 4 > Level 3 > Level 2 > Level 1 
• Staying, living and studying abroad = Staying, Jiving and studying in an English-speaking country 
(length measured in year) -
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APPENDIX C 
CI - Word list for production pretest and posttest 
Instructions: 
1. Please READ the following wordlist, see which word you don't know how to 
pronounce. Please ask me before recording. 
1.謂細闻本字列，如果你發現有任何字你是不僅得n的，謂先問我• 
2. Please record all 70 words. Please stop for 1 or 2 seconds between each word. 
2.謂錄下下列70個字。在毎個字之閡謂停頓一至兩秒，不要一口氣或太快讀完• 
1 excess 21 shed 41 fad 61 Ann 
2 ad 22 Terry 42 let 62 Any 
3 back 23 case 43 mental 63 Betty 
4 blend 24 tick 44 sec 64 drags 
5 fanned 25 Ellie 45 tamp 65 jam 
6 nets 26 elementary 46 vex 66 lettuce 
7 madly 27 bag 47 room 67 pat 
8 rack 28 canny 48 they 68 salvage 
9 sand 29 fatter 49 amber 69 tend 
10 tenor 30 less 50 end 70 vet 
11 cut 31 mansion 51 ban 
12 zip 32 revel 52 Dan 
13 L ,33 shell 53 flash 
14 Alf 34 then 54 latter 
15 bad 35 come 55 pedal 
16 bread 36 boy. 56 sad 
17 fans 37 Alan 57 temper 
18 hack 38 allergy 58 vessel ‘ 
19 mend 39 belly 59 leam 
20 reddish 40 clans 60 book 
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C2 - Reading passage for production Test of Contextualization 
Anson, the bad cat! 
^ —; Anson is a cat 
which lives at the 
巧 � c o r n e r of Ken's attic. 
It IS an ex«e„.ely 
.1 I r i f义 X bad cat as it rarely 
> ^ ^ 站 ' behaves well. It drops a 
t h z b o d o x t f t _ … 
工 = 1 pan or ham onto Kens 
- bed. It puts Sally's hats 
onto Ken's head. It destroys all the pens in Ken's bag. It nearly 
bends the neck of Ben the bat to death! Though Anson is bad, no 
one dares to kick it out because it is Ken's expensive pet! Ken spent 
all his salary in February to buy it! 
脇 /、 
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V One day, a brave rat called Pat decides 
\ - to play tricks on this bad fellow. As Pat 
knows that Anson loves a valuable gem 
in Ken's home, Pat puts some jam and 
、乂lit� ‘ lettuce which Anson loves on it. Some 
spicy black pepper is also added! 广 ^ X 
Guess what? Anson really eats the 务齊么 J 
food when playing with the gem. It / S ^ � 
chokes and goes mad because of \ C ^ ) 
the black pepper, but it is just an V j ^ ^ ^ f ^ ^ ^ T ' ^ ^ ^ 
accident that it even swallows the ^ v - ~ 
gem! Everyone is afraid of what will O 八:备:》 
happen next but they all cannot — vM 念 ， ^ ^ 
help laughing. When Anson knows y ! ^ 辦 
that nobody cares for him, it is sad. ^ ^ 
At the end, Anson seems to have 一一， 
realized that it had better change • " 
and so it apologizes! Pat and the others think that Anson has learnt 
a lesson, so they also say sorry to Anson and shake hands. Pat has 
« 
^ even become Anson's fan as 
^ • ^ ^ ^ Anson is good at standing on a 
览 — ^ _ flashlight with only one of its 
々 T ^ ^ h 左 v S e s七（V ' e * ^ - q . , J 
、 • ！ , 广 绝 T h e y are now very good 
^ i . � f r i e n d s ! 
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APPENDIX D 
D1 - All of the training tokens adopted in perception pretest, posttest and training 
Produced Produced by 
/e/ / a e / distracters by (native /e/ / a e / distracters (native 
speaker) speaker) 
1 excess access A 37 Ellen Alan D 
2 Ed ad A 38 elegy allergy D 
3 beck back A 39 belly bally D 
4 blend bland A 40 cleanse clans D 
5 fend fanned A 41 Fed fad D 
6 nets gnats A 42 let lat D 
7 medley madly A 43 mental mantel D 
8 wreck rack A 44 sec sac D 
9 send sand A 45 temp tamp D 
10 tenner tanner A 45 vex vacs D 
11 cut A 47 ‘ room D 
12 zip A 48 they D 
13 L Al B 49 ember amber E 
14 elf Alf B 50 end and E 
15 bed bad B 51 Ben ban E 
16 bread brad B 52 den Dan E 
17 fens fans B 53 flesh flash E 
18 heck hack B 54 letter latter E 
19 mend manned B 55 pedal paddle E 
20 reddish radish B 55 said sad E 
21 shed shad' B 57 temper tamper E 
22 Terry tarry B 58 vessel vassal E 
23 case B 59 leam E 
24 tick B 60 book E 
25 Ellie Ali C 61 N Ann F 
26 elementary alimentary C 62 any Annie F . 
27 beg bag C 63 Betty batty F 
28 Kenny canny C 64 dregs drags F 
29 fetter fatter C 65 gem jam F 
30 less lass C 66 lettuce lattice F 
31 mention mansion C 67 pet pat F 
32 revel ravel C 68 selvage salvage F 
33 shell shall C 69 tend tanned F ‘ 
34 then than C 70 vet vat F 
35 come C . 71 us F 
36 boy C 72 know F 
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D2 - All of the training tokens adopted in Test of Generalization 1 
Produced by 
/e/ /ae/ (native 
speaker) 
1 errant arrant G 
2 Ester aster G 
3 bend band G 
4 bet bat G 
5 beryl barrel G 
6 ken can G 
7 Kerry carry G 
8 ketches catches G 
9 crept crapped G 
10 cress crass G 
11 expend expand G 
12 expense expanse G 
13 fleck flak G 
14 hem ham G 
15 neck knack G 
16 lead (metal) lad G 
17 mellow mallow G 
18 men man G 
19 met mat G 
20 Med mad G 
21 pellet palette G 
22 pen pan G 
23 rend rand G 
24 rent rant G 
25 set sat G ‘ 
26 setter satyr G 
27 slept slapped G 
28 spend spanned G 
29 tense tans G 
30 text taxed G 
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D3 - All of the training tokens adopted in Test of Generalization 2 
Produced by 
/e/ /ae/ (native 
speaker) 
I X axe C 
2 M am C 
3 better batter C 
4 beget begat C 
5 blether blather C 
6 kept capped C 
7 kettle cattle C 
8 salary celery C 
9 Deb dab C 
10 dead dad C 
11 fellow fallow C ‘ 
12 phonetic fanatic C 
13 guess gas C 
14 hep hap C 
15 leg lag C 
16 lend land C 
17 merry marry C 
18 messy massy C 
19 overleapt overlapped C 
20 peck pack C 
21 pep pap C 
22 perish parish C 
23 rep rap • C 
24 ret rat C • 
25 sexes saxes C 
26 shekel shackle C 
27 techs tacks C 
28 telly tally C 
29 thresh thrash C 
30 trek track C -
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APPENDIX E 
Individual performances in perception pretest, posttest, TGI and TG2 across training 
groups 
Perceptual Performance 
SUib^ect Pretest o/� Posttest % TGI % TG2 % 
Jotal 60 60 30 30 
Score: 
^ 1 A16A07 33 55.00% 45 75.00% 26 86.67% 25 83.33% 
o 2 A16A33 27 45.00% 32 53.33% 21 70.00% 22 73.33% 
3 A16B03 24 40.00% 34 56.67% 23 76.67% 21 70.00% 
0 4 A16B07 41 68.33% 50 83.33% 28 93.33% 28 93.33% 
X 5 A16B09 25 41.67% 48 80.00% 26 86.67% 28 93.33% 
2 6 A16B18 34 56.67% 51 85.00% 25 83.33% 27 90.00% 
H 7 A16C15 34 56.67% 49 81.67% 28 93.33% 28 93.33% 
, 8 A16C19 24 40.00% 43 71.67% 23 76.67% 20 66.67% 
A . A L 6 C 2 2 33 5_5._00% iL.._..... 68.31% _ . 22 73.33% 23 76.67% 
Mean 30.56 50.93% 43.67 72.78% 24.67 82.22% 24.67 82.22% 
1 A26A04 30 50.00% 40 66.67% 23 76.67% 23 76.67% 
2 A26A16 31 51.67% 36 60.00% 22 73.33% 23 76.67% 
^ 3 A26A29 37 61.67% 41 68.33% 22 73.33% 20 66.67% 
？ 4 A26B04 33 55.00% 48 80.00% 26 86.67% 24 80.00% 
1 5 A26B13 28 46.67% 49 81.67% 29 96.67% 28 93.33% 
I 6 A26B19 27 45.00% 41 68.33% 25 83.33% 23 76.67% 
J 7 A26B28 30 50.00% 51 85.00% 29 96.67% 28 93.33% 
S 8 A26B30 31 51.67% 36 60.00% 19 63.33% 23 76.67% 
fc 9 A26C06 31 51.67% 37 61.67% 25 83.33% 23 76.67% 
^ 10 A26C20 29 48.33% 34 56.67% 25 83.33% 18 60.00% 
11 A26C24 29 48.33% 47 78.33% 28 93.33% 25 83.33% 
12 A26C25 28 46.67% 37 61.67% 21 70.00% 19 63.33% 
JLl._M_�£P—_.—._P 乏 . - Q P - O 么乏乏•么 63：.33% 21 
Mean 30.54 50.90% 40.77 67.95% 24.08 80.26% 22.92 76.41% 
HVPT 30.55 50.91% 42.22 70.36% 24.37 81.24% 23.79 1932% average: 
^ 1 B16A15 33 55.00% 31 51.67% 23 76.67% 21 70.00% 
1 2 B16A19 33 55.00% 47 78.33% 24 80.00% 23 76.67% 
•g 3 B16A26 34 56.67% 40 66.67% 23 76.67% 19 63.33% 
o 4 B16A27 30 50.00% 38 63.33% 20 66.67% 13 43.33% 
^ 5 B16B23 32 53.33% 31 51.67% 14 46.67% 23 76.67% . 
2 6 B16C04 29 48.33% 38 63.33% 14 46.67% 25 83.33% 
H 7 B16C18 31 51.67% 32 53.33% 21 70.00% 19 63.33% 
> B_L6C2i _ 27 45.00% 34 _ ；_. 56.67% _ _ _24 80X)0% ？ 位 ！ 么 . . 
Mean 31.01 51.68% 37.40 62.33% 21.14 67.92% 21.57 70.42% 
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1 B26A03 37 61.67% 39 65.00% 17 56.67% 22 73.33% 
2 B26A31 35 58.33% 35 58.33% 16 53.33% 20 66.67% 
? 3 B26B06 27 45.00% 33 55.00% 15 50.00% 18 60.00% 
I 4 B26B20 34 56.67% 32 53.33% 19 63.33% 18 60.00% 
I 5 B26B27 26 43.33% 32 53.33% 27 90.00% 22 73.33% 
^ 6 B26B29 39 65.00% 40 66.67% 19 63.33% 18 60.00% 
S 7 B26C03 28 46.67% 36 60.00% 23 76.67% 20 66.67% 
^ 8 B26C09 22 36.67% 39 65.00% 21 70.00% 23 76.67% 
> 9 B26C14 28 46.67% 30 50.00% 18 60.00% 23 76.67% 
10 B26C21 32 53.33% 49 81.67% 29 96.67% 27 90.00% 
11 B26C28_ _ 31 5_1._67% ！ J . L •空 Z ? i _ . . � _ l .70X)0% i ? . . .60.00% 
30.82 51.36% 36.00 60.00% 20.45 68.18% 20.82 69.39% 
T VPT 
30.91 51.52% 36.70 61.17% 20.80 68.05% 21.19 69.91% average: 
1 C16A14 33 55.00% 35 58.33% 15 50.00% 14 46.67% 
$ 2 C16A23 30 50.00% 29 48.33% 21 70.00% 10 33.33% 
S 3 C16A28 28 46.67% 29 48.33% 15 50.00% 19 63.33% 
<1 4 C16A30 31 51.67% 30 50.00% 18 60.00% 13 43.33% 
^ 5 C16A32 30 50.00% 32 53.33% 15 50.00% 14 46.67% 
§ 6 C16B10 28 46.67% 27 45.00% 12 40.00% 20 66.67% 
5 7 C16B14 31 51.67% 29 48.33% 13 43.33% 21 70.00% 
I 8 C16B17 32 53.33% 28 46.67% 7 23.33% 15 50.00% 
6 9 C16C12 34 56.67% 38 63.33% 24 80.00% 17 56.67% 
10 _C16C17_ _ _ 25 41.67% 16 53J3% ii.._.._.46.67% 
Mean 30.20 50.33% 30.50 50.83% 15.60 52.00% 15.70 52.33% 
1 C26A05 40 66.67% 35 58.33% 16 53.33% 15 50.00% 
2 C26A10 30 50.00% 26 43.33% 16 53.33% 21 70.00% 
^ 3 C26A11 32 53.33% 31 51.67% 13 43.33% 14 46.67% 
g 4 C26A12 29 48.33% 29 48.33% 18 60.00% 18 60.00% 
5 C26A17 41 68.33% 32 53.33% 23 76.67% 20 66.67% 
1 6 C26A21 34 56.67%. 29 48.33% 17 56.67% 18 60.00% 
^ 7 C26A24 28 46.67% 30 50.00% 13 43.33% 15 50.00% 
0 8 C26B22 30 50.00% 35 58.33% 17 56.67% 22 73.33%« 
1 9 C26C07 34 56.67% 33 55.00% 22 73.33% 19 63.33% 
o 10 C26C08 30 50.00% 34 56.67% 22 73.33% 20 66.67% 
11 C26C10 25 41.67% 30 50.00% 15 50.00% 17 56.67% 
12 C26C27 29 48.33% 33 55.00% 13 43.33% 17 56.67% 
JL1._?_?_�.?.3_L._.._.2Q 50,00%_ _ _ 25_ _ 41.67% 18 _ _ _60,00%_ _ _11 36.67% 
Mean 31.69 52.82% 30.92 51.54% 17.15 57.18% 17.46 58.21% 
Control 30.95 51.58% 30.71 51.19% 16.38 54.59% 16.58 55.27% 
average: 
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APPENDIX F 




Subject ID Pretest % Posttest % Pretest % Posttest % 
Jotal 30 30 30 30 
Score: 
“A16A07 18~60.00% 20 6 6 . 6 7 % ~ 1 5 5 0 . 0 0 % 2 5 83.33% 
f 2 A16A33 15 50.00% 17 56.67% 12 40.00% 15 50.00% 
I 3 A16B03 15 50.00% 17 56.67% 9 30.00% 17 56.67% 
I 4 A16B07 22 73.33% 25 83.33% 19 63.33% 25 83.33% 
^ 5 A16B09 15 50.00% 25 83.33% 10 33.33% 23 76.67% 
-M 6 A16B18 19 63.33% 25 83.33% 15 50.00% 26 86.67% 
H 7 A16C15 19 63.33% 23 76.67% 15 50.00% 26 86.67% 
, 8 A16C19 13 43.33% 20 66.67% 11 36.67% 23 76.67% 
9 A16C22 17 56.67% 21 
Mean 17.00 56.67% 21.44 71.48% 13.56 45.19% 22.22 74.07% 
1 A26A04 13 43.33% 19 63.33% 17 56.67% 21 70.00% 
2 A26A16 14 46.67% 17 56.67% 17 56.67% 19 63.33% 
^ 3 A26A29 20 66.67% 22 73.33% 17 56.67% 19 63.33% 
’ 4 A26B04 18 60.00% 22 73.33% 15 50.00% 26 86.67% 
•g 5 A26B13 13 43.33% 25 83.33% 15 50.00% 24 80.00% 
I 6 A26B19 13 43.33% 18 60.00% 14 46.67% 23 76.67% 
I" 7 A26B28 15 50.00% 23 76.67% 15 50.00% 28 93.33% 
S 8 A26B30 15 50.00% 17 56.67% 16 53.33% 19 63.33% 
fc 9 A26C06 16 53.33% 18 60.00% 15 50.00% 19 63.33% 
I 10 A26C20 14 46.67% 21 70.00% 15 50.00% 13 43.33% 
11 A26C24 14 46.67% 23 76.67% 15 50.00% 24 80.00% 
12 A26C25 13 43.33% 19 63.33% 15 50.00% 18 60.00% 
J3 _ A26C29_ 16 …_53.33% _ 
Mean 14.92 49.74% 20.08 66.92% 15.62 52.05% 20.69 68.97%^ 
HVPT 15.96 53.21% 20.76 69.20% 14.59 48.62% 21.46 71.52% average: 
^ 1 B16A15 17 56.67% 15 50.00% 16 53.33% 16 53.33% 
1 2 B16A19 16 53.33% 22 73.33% 17 56.67% 25 83.33% 
I 3 B16A26 19 63.33% 20 66.67% 15 50.00% 20 66.67% 
I 4 B16A27 18 60.00% 14 46.67% 12 40.00% 24 80.00% 
J" 5 B16B23 15 50.00% 14 46.67% 17 56.67% 17 56.67% • 
：£ 6 B16C04 16 53.33% 18 60.00% 13 43.33% 20 66.67% 
H 7 B16C18 14 46.67% 19 63.33% 17 56.67% 13 43.33% 
> 8 B16C23 18 60.00% 19 •“ 63.33% 9 30.00% 15 50.00% 
Mean 16.39 54.63% 18.18 60.61% 14.62 48.73% 19.21 64.05% 
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I B26A03 18 60.00% 21 70.00% 19 63.33% 18 60.00% 
^ 2 B26A31 19 63.33% 18 60.00% 16 53.33% 17 56.67% 
^ 3 B26B06 13 43.33% 16 53.33% 14 46.67% 17 56.67% 
I 4 B26B20 18 60.00% 16 53.33% 16 53.33% 16 53.33% 
I 5 B26B27 14 46.67% 16 53.33% 12 40.00% 16 53.33% 
I" 6 B26B29 21 70.00% 24 80.00% 18 60.00% 16 53.33% 
S 7 B26C03 16 53.33% 19 63.33% 12 40.00% 17 56.67% 
fc 8 B26C09 11 36.67% 19 63.33% 11 36.67% 20 66.67% 
^ 9 B26C14 16 53.33% 17 56.67% 12 40.00% 13 43.33% 
10 B26C21 17 56.67% 25 83.33% 15 50.00% 24 80.00% 
II _ B26C2_8 _ …1_7_ _ 56.67% _ H 
Mean 16.36 54.55% 18.82 62.73% 14.45 48.18% 17.18 57.27% 
T VPT 
16.38 54.59% 18.50 61.67% 14.54 48.46% 18.20 60.66% average: 
1 C16A14 23 76.67% 19 63.33% 10 33.33% 16 53.33% 
^ 2 C16A23 16 53.33% 16 53.33% 14 46.67% 13 43.33% 
I 3 C16A28 17 56.67% 16 53.33% 11 36.67% 13 43.33% 
I 4 C16A30 19 63.33% 21 70.00% 12 40.00% 9 30.00% 
^ 5 C16A32 19 63.33% 19 63.33% 11 36.67% 13 43.33% 
§ 6 C16B10 15 50.00% 13 43.33% 13 43.33% 14 46.67% 
5 7 C16B14 13 43.33% 15 50.00% 18 60.00% 14 46.67% 
1 8 C16B17 19 63.33% 13 43.33% 13 43.33% 15 50.00% 
3 9 C16C12 22 73.33% 24 80.00% 12 40.00% 14 46.67% 
10 _ C_16C17_ 12 _ 40.00% 0^：00_% _ ]3 43.33% 
Mean 17.50 58.33% 17.10 57.00% 12.70 42.33% 13.40 44.67% 
1 C26A05 22 73.33% 20 66.67% 18 60.00% 15 50.00% 
2 C26A10 18 60.00% 16 53.33% 12 40.00% 10 33.33% 
^ 3 C26A11 16 53.33% 18 60.00% 16 53.33% 13 43.33% 
g 4 C26A12 17 56.67% 16 53.33% 12 40.00% 13 43.33% 
5 C26A17 20 66.67% 15 50.00% 21 70.00% 17 56.67% 
2 6 C26A21 22 73.33% 19 63.33% 12 40.00% 10 33.33% 
^ 7 C26A24 16 53.33% 14 46.67% 12 40.00% 16 53.33% 
0 8 C26B22 20 66.67% 23 76.67% 10 33.33% 12 40.00% 
1 9 C26C07 16 53.33% 17 56.67% 18 60.00% 16 53.33%* 
1 10 C26C08 18 60.00% 20 66.67% 12 40.00% 14 46.67% 
11 C26C10 10 33.33% 14 46.67% 15 50.00% 16 53.33% 
12 C26C27 16 53.33% 19 63.33% 13 43.33% 14 46.67% 
13 C26C30 16 53.33% 12 40.00% 14 46.67% 13 43.33% 
Mean 17.46 58.21% 17.15 57.18% 14.23 47.44% 13.77 45.90% 
Control 1748 58.27% 17.13 57.09% 13.47 44.88% 13.58 45.28% average: 
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APPENDIX G 
G1 - Individual performances in perception TGI across training groups 
Perceptual Performance in TGI 
/ e / % /ae/ % 
Subject ID Total ^^  ^^  
Score: 
^ 1 A16A07 15 100.00% 11 73.33% 
1 2 A16A33 12 80.00% 9 60.00% 
•3 3 A16B03 13 86.67% 10 66.67% 
I 4 A16B07 15 100.00% 13 86.67% 
^ 5 A16B09 14 93.33% 12 80.00% 
；S 6 A16B18 13 86.67% 12 80.00% 
H 7 A16C15 15 100.00% 13 86.67% 
> 8 A16C19 12 80.00% 11 73.33% 
9 A16C22 13 86.67% 9 60.00% 
Mean 13.56 90.37% 11.11 74.07% 
1 A26A04 11 73.33% 12 80.00% 
2 A26A16 12 80.00% 10 66.67% 
^ 3 A26A29 12 80.00% 10 66.67% 
? 4 A26B04 14 93.33% 12 80.00% 
I 5 A26B13 15 100.00% 14 93.33% 
1 6 A26B19 12 • 80.00% 13 86.67% 
f 7 A26B28 14 93.33% 15 100.00% 
^ 8 A26B30 9 60.00% 10 66.67% 
fc 9 A26C06 15 100.00% 10 66.67% 
^ 10 A26C20 15 100.00% 10 66.67% 
11 A26C24 15 100.00% 13 86.67% 
12 A26C25 11 73.33% 10 66.67% 
13 _ A26C2_9 11_ 73.33% 8 53.33% 
Mean 12.77 85.13% 11.31 75.38% 
HVPT average: 13.16 87.75% 11.21 74.73% 
4 
^ 1 B16A15 13 86.67% 10 66.67% 
？ 2 B16A19 14 93.33% 10 66.67% 
I 3 B16A26 13 86.67% 10 66.67% 
I 4 B16A27 8 53.33% 12 80.00% 
I" 5 B16B23 9 60.00% 5 33.33% 
；I 6 B16C04 10 66.67% 4 26.67% -
H 7 B16C18 13 86.67% 8 53.33% 
> 8 B16C23 12 80.00% 12 80.00% 
Mean 11.79 78.62% 9.35 62.34% 
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1 B26A03 8 53.33% 9 60.00% 
2 B26A31 7 46.67% 9 60.00% 
？ 3 B26B06 7 46.67% 8 53.33% 
I 4 B26B20 10 66.67% 9 60.00% 
I 5 B26B27 15 100.00% 12 80.00% 
^ 6 B26B29 10 66.67% 9 60.00% 
S 7 B26C03 13 86.67% 10 66.67% 
H 8 B26C09 12 80.00% 9 60.00% 
> 9 B26C14 8 53.33% 10 66.67% 
10 B26C21 15 100.00% 14 93.33% 
11 B26C28 10 66.67% _ 11 73.33% 
Mean 10.45 69.70% 10.00 66.67% 
LVPT average: 11.12 74.16% 9.68 64.51% 
1 C16A14 10 66.67% 5 33.33% 
^ 2 C16A23 10 66.67% 11 73.33% 
I 3 C16A28 11 73.33% 4 26.67% 
I 4 C16A30 13 86.67% , 5 33.33% 
^ 5 C16A32 8 53.33% 7 46.67% 
§ 6 C16B10 7 46.67% 5 33.33% 
7 C16B14 9 60.00% 4 26.67% 
I 8 C16B17 3 20.00% 4 26.67% 
U 9 C16C12 14 93.33% 10 66.67% 
10 C16C17 10 66.67% 6 40.00% 
Mean 9.50 63.33% 6.10 40.67% 
1""“C26A05 8 53.33% 8 53.33% 
2 C26A10 8 53.33% 8 53.33% 
_ 3 C26A11 7 46.67% 6 40.00% 
g 4 C26A12 10 66.67% 8 53.33% 
I 5 C26A17 13 86.67% 10 66.67% 
I 6 C26A21 13 86.67% 4 26.67% 
^ 7 C26A24 8 . 53.33% 5 33.33% 
0 8 C26B22 10 66.67% 7 46.67% 
1 9 C26C07 11 73.33% 11 73.33% ‘ 
I 10 C26C08 10 66.67% 12 80.00% 
11 C26C10 8 53.33% 7 46.67% 
12 C26C27 8 53.33% 5 33.33% 
13 C26C30 7 46.67% 11 73.33% 
Mean 9.31 62.05% 7.85 52.31% 
Control average: 9.40 62.69% 6.97 46.49% . 
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G2 - Individual performances in perception TG2 across training groups 
Perceptual Performance in TG2 
/e/ % /ae/ % 
Subject ID Total ^^  ^^  
Score: 
^ 1 A16A07 12 80.00% 13 86.67% 
1 2 A16A33 12 80.00% 10 66.67% 
•5 3 A16B03 12 80.00% 9 60.00% 
I 4 A16B07 14 93.33% 14 93.33% 
^ 5 A16B09 15 100.00% 13 86.67% 
6 A16B18 13 86.67% 14 93.33% 
H 7 A16C15 14 93.33% 14 93.33% 
> 8 A16C19 10 66.67% 10 66.67% 
9 A16C22 10 66.67% 13 86.67% 
Mean 12.44 82.96% 12.22 81.48% 
1 A26A04 9 60.00% 14 93.33% 
2 A26A16 12 80.00% H 73.33% 
^ 3 A26A29 10 66.67% ‘ 10 66.67% 
1 4 A26B04 10 66.67% 14 93.33% 
I 5 A26B13 14 93.33% 14 93.33% 
0 6 A26B19 10 66.67% 13 86.67% 
I" 7 A26B28 14 93.33% 14 93.33% 
^ 8 A26B30 10 • 66.67% 13 86.67% 
fc 9 A26C06 12 80.00% 11 73.33% 
^ 10 A26C20 8 53.33% 10 66.67% 
11 A26C24 11 73.33% 14 93.33% 
12 A26C25 9 60.00% 10 66.67% 
13 A26C29 11 73.33% 10 66.67% 
Mean 10.77 71.79% 12.15 81.03% 
HVPT average: 11.61 77.38% 12.19 81.25% 
^ 1 B16A15 10 66.67% 11 73.33% < 
’ 2 B16A19 13 86.67% 10 66.67% ‘ 
1 3 B16A26 9 60.00% 10 66.67% 
I 4 B16A27 6 40.00% 7 46.67% 
I" 5 B16B23 13 86.67% 10 66.67% 
3 6 B16C04 11 73.33% 14 93.33% 
H 7 B16C18 10 66.67% 9 60.00% 
> 8 B16C23 12 80.00% 14 93.33% 
Mean 10.64 70.92% 10.93 72.89% 
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1 B26A03 9 60.00% 11 73.33% 
2 B26A31 6 40.00% 12 80.00% 
^ 3 B26B06 8 53.33% 10 66.67% 
I 4 B26B20 9 60.00% 13 86.67% 
I 5 B26B27 9 60.00% 9 60.00% 
^ 6 B26B29 6 40.00% 14 93.33% 
5 7 B26C03 9 60.00% 14 93.33% 
H 8 B26C09 10 66.67% 13 86.67% 
> 9 B26C14 13 86.67% 14 93.33% 
10 B26C21 9 60.00% 9 60.00% 
11 _ B26C2_8 8.91 _5?.39% _ _ …_ _1_1._91 7_9.39%_ . 
Mean 10 “ _ 6^67% ' _ ….““"fl 73'"33%"""" 
LVPT average: 9.77 65.16% 11.42 76.14% 
1 C16A14 8 53.33% 6 40.00% 
g 2 C16A23 5 33.33% 5 33.33% 
I 3 C16A28 10 66.67% , 9 60.00% 
<1 4 C16A30 7 46.67% 6 40.00% 
^ 5 C16A32 7 46.67% 7 46.67% 
6 6 C16B10 12 80.00% 8 53.33% 
^ 7 C16B14 10 66.67% 11 73.33% 
I 8 C16B17 8 53.33% 7 46.67% 
8 9 C16C12 9 60.00% 8 53.33% 
5 33.33% — 9 60.00% 
Mean 8.10 54.00% 7.60 50.67% 
"1 ~C26A05 9 60.00% 6 40.00% 
2 C26A10 9 60.00% 12 80.00% 
^ 3 C26A11 5 33.33% 9 60.00% 
^ 4 C26A12 8 53.33% 10 66.67% 
•I 5 C26A17 9 60.00% 11 73.33% 
1 6 C26A21 10 . 66.67% 8 53.33% 
^ 7 C26A24 5 33.33% 10 66.67% 
0 8 C26B22 10 66.67% 12 80.00% * 
1 9 C26C07 9 60.00% 10 66.67% 
o 10 C26C08 12 80.00% 8 53.33% 
11 C26C10 10 66.67% 7 46.67% 
12 C26C27 10 66.67% 7 46.67% 
.J.1._.C26C3P_ 3 20.00% 8 53.33% 
Mean 8.38 55.90% 9.08 60.51% 
Control average: 8.24 54.95% 8.34 55.59% 
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APPENDIX H 
Individual performances in production pretest, posttest and TC across training groups 
Production Performance 
Pretest % Posttest % TC % 
Subject ID 
广 al 60 6 0 5 0 
Score: 
^ 1 A16A07 35 58.33% 55 91.67% 36 72.00% 
^ 2 A16A33 29 48.33% 32 53.33% 28 56.00% . 
I 3 A16B03 33 55.00% 42 70.00% 34 68.00% 
1 4 A16B07 43 71.67% 53 88.33% 45 90.00% 
^ 5 A16B09 40 66.67% 57 95.00% 37 74.00% 
2 6 A16B18 42 70.00% 56 93.33% 47 94.00% 
^ 7 A16C15 38 63.33% 57 95.00% 35 70.00% 
^ 8 A16C19 43 71.67% 53 88.33% 46 92.00% 
34 5_6._67% 48 _8_0._00%_ 32 64.00% 
Mean 37.44 62.41% 50.33 83.89% 37.78 75.56% 
1 A26A04 36 60.00% 45 75.00% 35 70.00% 
2 A26A16 37 61.67% 41 68.33% 29 58.00% 
^ 3 A26A29 39 65.00% 54 90.00% 47 94.00% 
? 4 A26B04 35 58.33% 50 83.33% 33 66.00% 
5 A26B13 50 '83.33% 56 93.33% 41 82.00% 
o 6 A26B19 28 46.67% 29 48.33% 27 54.00% 
J 7 A26B28 39 65.00% 57 95.00% 42 84.00% 
0 8 A26B30 29 48.33% 39 65.00% 27 54.00% 
fc 9 A26C06 43 71.67% 59 98.33% 41 82.00% 
^ 10 A26C20 35 58.33% 36 60.00% 24 48.00% 
11 A26C24 43 71.67% 56 93.33% 44 88.00% 
12 A26C25 40 66.67% 52 86.67% 37 74.00% 
A26C29_ _ 28 46.67% 32 _5_3._33%_ _ ― 牲 懸 
Mean 37.08 61.79% 46.62 77.69% 35.31 70.62% 
HVPT average: 37.26 62.10% 48.47 80.79% 36.54 73.09% ‘ 
^ 1 B16A15 42 70.00% 46 76.67% 40 80.00% 
g 2 B16A19 33 55.00% 45 75.00% 37 74.00% 
•I 3 B16A26 33 55.00% 48 80.00% 36 72.00% 
1 4 B16A27 42 70.00% 53 88.33% 39 78.00% 
^ 5 B16B23 28 46.67% 29 48.33% 26 52.00% " 
•M 6 B16C04 39 65.00% 44 73.33% 39 78.00% 
H 7 B16C18 40 66.67% 55 91.67% 45 90.00% 
> 8 B16C23 31 51.67% 30 50.00% 30 60.00% 
Mean 36.23 60.39% 44.51 74.18% 36.39 73.00% 
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I B26A03 40 66.67% 44 73.33% 25 50.00% 
^ 2 B26A31 41 68.33% 43 71.67% 37 74.00% 
B 3 B26B06 34 56.67% 38 63.33% 32 64.00% 
I 4 B26B20 31 51.67% 38 63.33% 32 64.00% 
I 5 B26B27 46 76.67% 46 76.67% 38 76.00% 
. 6 B26B29 40 66.67% 34 56.67% 25 50.00% 
^ 7 B26C03 35 58.33% 34 56.67% 25 50.00% 
fc 8 B26C09 30 50.00% 32 53.33% 29 58.00% 
^ 9 B26C14 28 46.67% 30 50.00% 25 50.00% 
10 B26C21 45 75.00% 54 90.00% 47 94.00% 
II B26C2_8_ 34 56.67% 28 _46._67%_— 36—_ 72.00% _ 
Mean 36.73 61.21% 38.27 63.79% 31.91 63.82% . 
LVPT average: 36.48 60.80% 41.39 68.98% 34.15 68.41% 
1 C16A14 39 65.00% 38 63.33% 39 78.00% 
^ 2 C16A23 31 51.67% 32 53.33% 35 70.00% 
s 3 C16A28 30 50.00% 29 48.33% 29 58.00% 
1 4 C16A30 43 71.67% 44 73.33% 33 66.00% 
J- 5 C16A32 28 46.67% 34 56.67% 32 64.00% 
§ 6 C16B10 30 50.00% 32 53.33% 27 54.00% 
^ 7 C16B14 43 71.67% 42 70.00% 39 78.00% 
§ 8 C16B17 32 53.33% 31 51.67% 33 66.00% 
U 9 C16C12 48 80.00% 49 81.67% 43 86.00% 
10 _ C_16CJ[7_ 39 65.00% 36 _6_0._00%_ ...34 . . .6_8.p0% 
Mean 36.30 60.50% 36.70 61.17% 34.40 68.80% 
1 C26A05 38 63.33% 38 63.33% 40 80.00% 
2 C26A10 40 66.67% 40 66.67% 36 72.00% 
^ 3 C26A11 32 53.33% 33 55.00% 27 54.00% 
^ 4 C26A12 29 48.33% 30 50.00% 28 56.00% 
• | 5 C26A17 38 63.33% 37 61.67% 33 66.00% 
2 6 C26A21 39 65.00% 45 75.00% 36 72.00% 
t 7 C26A24 25 . 41.67% 23 38.33% 25 50.00% 
0 8 C26B22 32 53.33% 31 51.67% 29 58.00% 
1 9 C26C07 29 48.33% 28 46.67% 25 50.00% « 
Q 10 C26C08 28 46.67% 30 50.00% 25 50.00% 
11 C26C10 30 50.00% 28 46.67% 26 52.00% 
12 C26C27 31 51.67% 32 53.33% 27 54.00% 
.13 _ C260q 31_ 5_1._67% 31 _51._67% _ …_ 27 _ _ 54.00% 
Mean 32.46 54.10% 32.77 54.62% 29.54 59.08% 
Control average: 34.38 57.30% 34.73 57.89% 31.97 63.94% . 
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APPENDIX I 
Individual performances in the production of the two vowels in pretest and posttest 
across training groups 
Production Performance 
^ ^ 
Subject ID Pretest % Posttest % Pretest % Posttest % 
Jotal 30 30 30 30 
Score: 
_ 1 A16A07 28 93.33% 29 96.67% 7 23.33% 26 86.67% 
0 2 A16A33 29 96.67% 30 100.00% 0 0.00% 2 6.67% 
1 3 A16B03 23 76.67% 25 83.33% 10 33.33% 17 56.67% 
1 4 A16B07 23 76.67% 25 83.33% 20 66.67% 28 93.33% 
^ 5 A16B09 22 73.33% 29 96.67% 18 60.00% 28 93.33% 
'M 6 A16B18 25 83.33% 29 96.67% 17 56.67% 27 90.00% 
H 7 A16C15 20 66.67% 29 96.67% 18 60.00% 28 93.33% 
> 8 A16C19 22 73.33% 27 90.00% 21 70.00% 26 86.67% 
!_丄16_!：_?_2 _ 27 … 
Mean 24.33 81.11% 27.89 92.96% 13.11 43.70% 22.44 74.81% 
1 A26A04 22 73.33% 29 96.67% 14 46.67% 16 53.33% 
2 A26A16 23 76.67% 27 90.00% 14 46.67% 14 46.67% 
^ 3 A26A29 15 50.00% 28 93.33% 24 80.00% 26 86.67% 
？ 4 A26B04 13 43.33% 27 90.00% 22 73.33% 23 76.67% 
•g 5 A26B13 23 76.67% 29 96.67% 27 90.00% 27 90.00% 
0 6 A26B19 27 90.00% 28 93.33% 1 3.33% 1 3.33% 
f 7 A26B28 17 56.67% 28 93.33% 22 73.33% 29 96.67% 
8 A26B30 28 93.33% 29 96.67% 1 3.33% 10 33.33% 
fc 9 A26C06 23 76.67% 29 96.67% 20 66.67% 30 100.00% 
1 10 A26C20 27 90.00% 29 96.67% 8 26.67% 7 23.33% 
11 A26C24 18 60.00% 27 90.00% 25 83.33% 29 96.67% 
12 A26C25 30 100.00% 27 90.00% 10 33.33% 25 83.33% 
13 _ 经 芬 2?_?_3：3_3%_ _ _ 0.00% _2 
Mean 22.62 75.38% 28.23 94.10% 14.46 48.21% 18.38 61.28%« 
H V P T 
23.47 78.25% 28.06 93.53% 13.79 45.95% 20.41 68.05% average: 
^ 1 B16A15 27 90.00% 26 86.67% 15 50.00% 20 66.67% 
’ 2 B16A19 25 83.33% 27 90.00% 8 26.67% 18 60.00% 
.g 3 B16A26 29 96.67% 30 100.00% 4 13.33% 18 60.00% 
o 4 B16A27 20 66.67% 26 86.67% 22 73.33% 27 90.00% 
^ 5 B16B23 27 90.00% 29 96.67% 1 3.33% 0 0.00% ‘ 
；a 6 B16C04 27 90.00% 30 100.00% 12 40.00% 14 46.67% 
H 7 B16C18 29 96.67% 30 . 100.00% H 36.67% 25 83.33% 
> _8_ _ B16C2_3 30 …-肌？。。^�0 _ j 避 必 - 1 _ 3.33% 0 _ _9_：00% .. 
Mean 26.01 86.70% 28.43 94.76% 10.22 34.08% 16.08 53.60% 
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I B26A03 28 93.33% 29 96.67% 12 40.00% 15 50.00% 
^ 2 B26A31 18 60.00% 21 70.00% 23 76.67% 22 73.33% 
？ 3 B26B06 16 53.33% 22 73.33% 18 60.00% 16 53.33% 
I 4 B26B20 27 90.00% 28 93.33% 4 13.33% 10 33.33% 
I 5 B26B27 24 80.00% 27 90.00% 22 73.33% 19 63.33% 
^ 6 B26B29 30 100.00% 30 100.00% 10 33.33% 4 13.33% 
S 7 B26C03 29 96.67% 30 100.00% 6 20.00% 4 13.33% 
^ 8 B26C09 28 93.33% 30 100.00% 2 6.67% 2 6.67% 
^ 9 B26C14 27 90.00% 30 100.00% 1 3.33% 0 0.00% 
10 B26C21 24 80.00% 29 96.67% 21 70.00% 25 83.33% 
II _ B26C2_8_ …25 … _ 8 _逆 0 [ _ � 1 70_.00_% _ _ 9_ _ _ 30.00% 7_ _ _ 23.33%. 
Mean 25.09 83.64% 27.00 90.00% 11.64 38.79% 11.27 37.58% 
T VPT 
25.55 85.17% 27.71 92.38% 10.93 36.44% 13.68 45.59% average: 
1 C16A14 30 100.00% 30 100.00% 9 30.00% 8 26.67% 
3 2 C16A23 30 100.00% 29 96.67% 1 3.33% 3 10.00% 
I 3 C16A28 30 100.00% 28 93.33% 0 0.00% 1 3.33% 
« 4 C16A30 27 90.00% 24 80.00% 16 53.33% 20 66.67% 
^ 5 C16A32 28 93.33% 26 86.67% 0 0.00% 8 26.67% 
6 C16B10 30 100.00% 30 100.00% 0 0.00% 2 6.67% 
r 7 C16B14 25 83.33% 22 73.33% 18 60.00% 20 66.67% 
g 8 C16B17 30 100.00% 30 100.00% 2 6.67% 1 3.33% 
8 9 C16C12 28 93.33% 28 93.33% 20 66.67% 21 70.00% 
10 _ C_16C1_7 _ 29 _ _96.67%^ _ 8 26.67% 
Mean 28.70 95.67% 27.50 91.67% 7.60 25.33% 9.20 30.67% 
"1 ”C26A05 3 0 1 0 0 . 0 0 % 2 9 96.67% 8 26.67% 9 30.00% 
2 C26A10 30 100.00% 28 93.33% 10 33.33% 12 40.00% 
^ 3 C26A11 28 93.33% 29 96.67% 4 13.33% 4 13.33% 
g 4 C26A12 29 96.67% 28 93.33% 0 0.00% 2 6.67% 
5 C26A17 29 96.67% 30 100.00% 9 30.00% 7 23.33% 
1 6 C26A21 26 86.67% 29 96.67% 13 43.33% 16 53.33% 
^ 7 C26A24 25 83.33% 23 76.67% 0 0.00% 0 0.00% 
0 8 C26B22 29 96.67% 28 93.33% 3 10.00% 3 10.00% 
1 9 C26C07 29 96.67% 25 83.33% 0 0.00% 3 10.00%* 
o 10 C26C08 28 93.33% 30 100.00% 0 0.00% 0 0.00% 
11 C26C10 29 96.67% 28 93.33% 1 3.33% 0 0.00% 
12 C26C27 29 96.67% 29 96.67% 2 6.67% 3 10.00% 
..I?....C26C3_0 _ …29 …_96.67%_ _ _ ？ _ 巡—_ 2 6.67% 3 _ J 0.00% 
Mean 28.46 94.87% 28.00 93.33% 4.00 13.33% 4.77 15.90% 
Control 28.58 95.27% 27.75 92.50% 5.80 19.33% 6.98 23.28% -average: 
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APPENDIX J 
Individual performances in production TC across training groups 
Production Performance in TC 
/ e / % /ae/ % 
Subject ID Total ^^  ^^  
Score: 
一 1 A16A07 25 100.00% 11 44.00% 
g 2 A16A33 25 100.00% 3 12.00% 
• | 3 A16B03 25 100.00% 9 36.00% 
£ 4 A16B07 24 96.00% 21 84.00% 
^ 5 A16B09 25 100.00% 12 48.00% 
'M 6 A16B18 25 100.00% 22 88.00% 
H 7 A16C15 25 100.00% 10 40.00% 
^ 8 A16C19 25 100.00% 21 84.00% 
..i_.._.A16C22 … 2 4 … _ „ � ) ! • • . • _ . . 8 ！？:歷 
Mean 24.78 99.11% 13.00 52.00% 
1 A26A04 24 96.00% 11 44.00% 
2 A26A16 23 92.00% 6 24.00% 
^ 3 A26A29 24 96.00% 23 92.00% 
1 4 A26B04 25 100.00% 8 32.00% 
•g 5 A26B13 25 100.00% 16 64.00% 
o 6 A26B19 24 96.00% 3 12.00% 
^ 7 A26B28 24 96.00% 18 72.00% 
S 8 A26B30 25 100.00% 2 8.00% 
fc 9 A26C06 24 96.00% 17 68.00% 
^ 10 A26C20 22 88.00% 2 8.00% 
11 A26C24 22 88.00% 22 88.00% 
12 A26C25 25 100.00% 12 48.00% 
. .I1._.A26C29_ 25 __._.l_0p._00% 7 28._00%_.„ 
Mean 24.00 96.00% 11.31 45.23% 
HVPT average: 
^ 24.39 97.56% 12.15 48.62% * 
^ 1 B16A15 23 92.00% 17 68.00% 
0 2 B16A19 25 100.00% 12 48.00% 
1 3 B16A26 25 100.00% 11 44.00% 
I 4 B16A27 17 68.00% 22 88.00% 
^ 5 B16B23 25 100.00% 1 4.00% 
, 2 6 B16C04 25 100.00% 14 56.00% ‘ 
H 7 B16C18 23 92.00% 22 88.00% 
> _8_ _ B_16C23 25 _ _.-雙 5 ？ 
Mean 23.50 94.00% 13.00 52.00% 
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I B26A03 25 100.00% 0 0.00% 
^ 2 B26A31 23 92.00% 14 56.00% 
？ 3 B26B06 14 56.00% 18 72.00% 
I 4 B26B20 24 96.00% 8 32.00% 
I 5 B26B27 23 92.00% 15 60.00% 
f 6 B26B29 25 100.00% 0 0.00% 
S 7 B26C03 25 100.00% 0 0.00% 
^ 8 B26C09 25 100.00% 4 16.00% 
^ 9 B26C14 24 96.00% 1 4.00% 
10 B26C21 24 96.00% 23 92.00% 
II _ B26C2_8 _ 25 _....10_0._00% _ — 11 _44._00%_ 
Mean 23.38 93.50% 8.92 35.67% 
LVPT average: 23.44 93.75% 10.96 43.83% 
1 C16A14 25 100.00% 14 56.00% 
^ 2 C16A23 22 88.00% 13 52.00% 
I 3 C16A28 24 96.00% 5 20.00% 
I 4 C16A30 24 96.00% , 9 36.00% 
^ 5 C16A32 25 100.00% 7 28.00% 
§ 6 C16B10 25 100.00% 2 8.00% 
~ 7 C16B14 19 76.00% 20 80.00% 
g 8 C16B17 25 100.00% 8 32.00% 
U 9 C16C12 25 100.00% 18 72.00% 
10 _ C_16C17_ _ ？ . 8 0 ： 0 0 % _ 14 5_6._00%_ 
Mean 23.40 93.60% 11.00 44.00% 
1 C26A05 25 100.00% 15 60.00% 
2 C26A10 22 88.00% 14 56.00% 
一 3 C26A11 22 88.00% 5 20.00% 
g 4 C26A12 25 100.00% 3 12.00% 
I 5 C26A17 25 100.00% 8 32.00% 
I 6 C26A21 24 96.00% 12 48.00% 
f 7 C26A24 25 . 100.00% 0 0.00% 
0 8 C26B22 25 100.00% 4 16.00% 
1 9 C26C07 25 100.00% 0 0.00% « 
o 10 C26C08 25 100.00% 0 0.00% 
11 C26C10 25 100.00% 1 4.00% 
12 C26C27 25 100.00% 2 8.00% 
.J3 ._ C26C3_0 25 …_.._.1_0_0._00% _ _2 
Mean 24.46 97.85% 5.08 20.31% 
Control average: . 
23.93 95.72% 8.04 32.15% 
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APPENDIX K 
Individual performances in production and perception pretests and posttest 
Perception Production 
Subject Pretest Posttest Difference Pretest Posttest Difference 
^ 1 A16A07 55.00% 75.00% 20.00% 58.33% 91.67% 33.33% 
g 2 A16A33 45.00% 53.33% 8.33% 48.33% 53.33% 5.00% 
3 A16B03 40.00% 56.67% 16.67% 55.00% 70.00% 15.00% 
2 4 A16B07 68.33% 83.33% 15.00% 71.67% 88.33% 16.67% 
^ 5 A16B09 41.67% 80.00% 38.33% 66.67% 95.00% 28.33%' 
；5 6 A16B18 56.67% 85.00% 28.33% 70.00% 93.33% 23.33% 
^ 7 A16C15 56.67% 81.67% 25.00% 63.33% 95.00% 31.67% 
I 8 A16C19 40.00% 71.67% 31.67% 71.67% 88.33% 16.67% 
55.00% 6 8 3 3 % 13.33% 23.33% _ 
Mean 50.93% 72.78% 21.85% 62.41% 83.89% 21.48% 
1 A26A04 50.00% 66.67% 16.67% 60.00% 75.00% 15.00% 
2 A26A16 51.67% 60.00% 8.33% 61.67% 68.33% 6.67% 
^ 3 A26A29 61.67% 68.33% 6.67% 65.00% 90.00% 25.00% 
? 4 A26B04 55.00% 80.00% 25.00% 58.33% 83.33% 25.00% 
•g 5 A26B13 46.67% 81.67% 35.00% 83.33% 93.33% 10.00% 
o 6 A26B19 45.00% 68.33% 23.33% 46.67% 48.33% 1.67% 
J 7 A26B28 50.00% 85.00% 35.00% 65.00% 95.00% 30.00% 
0 8 A26B30 51.67% 60.00% 8.33% 48.33% 65.00% 16.67% 
fc 9 A26C06 51.67% 61.67% 10.00% 71.67% 98.33% 26.67% 
g 10 A26C20 48.33% 56.67% 8.33% 58.33% 60.00% 1.67% 
11 A26C24 48.33% 78.33% 30.00% 71.67% 93.33% 21.67% 
12 A26C25 46.67% 61.67% 15.00% 66.67% 86.67% 20.00% 
0：00_% MZ�么 
Mean 5"o.9"o% 67.95% 17.65% — s T :元� Z — . - 7 7 - : 6 -冗 -厂 
HVPT^ 50.91% 70:36% 19.45% 62.10% 80.79% 18.69% 
average: 
€ 
g 1 B16A15 55.00% 51.67% -3.33% 70.00% 76.67% 6.67% 
1 2 B16A19 55.00% 78.33% 23.33% 55.00% 75.00% 20.00% 
tS 3 B16A26 56.67% 66.67% 10.00% 55.00% 80.00% 25.00% 
I 4 B16A27 50.00% 63.33% 13.33% 70.00% 88.33% 18.33% 
§ 5 B16B23 53.33% 51.67% -1.67% 46.67% 48.33% 1.67% 
， 6 B16C04 48.33% 63.33% 15.00% 65.00% 73.33% 8.33% 
^ 7 B16C18 51.67% 53.33% 1.67% 66.67% 91.67% 25.00% ‘ 
^ .•_§_.._. 么••_••_抄,_6J�么 11.67%_ _ _ 51.67% _ _ 50.00%_ -1.67% 
Mean 51.68% 62.33% 10.65% 60.39% 74.18% 13.79% 
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1 B26A03 61.67% 65.00% 3.33% 66.67% 73.33% 6.67% 
^ 2 B26A31 58.33% 58.33% 0.00% 68.33% 71.67% 3.33% 
1 3 B26B06 45.00% 55.00% 10.00% 56.67% 63.33% 6.67% 
I 4 B26B20 56.67% 53.33% -3.33% 51.67% 63.33% 11.67% 
I 5 B26B27 43.33% 53.33% 10.00% 76.67% 76.67% 0.00% 
f 6 B26B29 65.00% 66.67% 1.67% 66.67% 56.67% -10.00% 
§ 7 B26C03 46.67% 60.00% 13.33% 58.33% 56.67% -1.67% 
^ 8 B26C09 36.67% 65.00% 28.33% 50.00% 53.33% 3.33% 
^ 9 B26C14 46.67% 50.00% 3.33% 46.67% 50.00% 3.33% 
10 B26C21 53.33% 81.67% 28.33% 75.00% 90.00% 15.00% 
0.00% 沙：巡⑩―.. _ : _ 1 .證 
Mean 51.36% 60.00% 8.64% 61.21% 63.79% 2.58% • 
LVPT 51.52% 61.17% 9.64% 60.80% 68.98% 8.18% 
average: 
1 C16A14 55.00% 58.33% 3.33% 65.00% 63.33% -1.67% 
^ 2 C16A23 50.00% 48.33% -1.67% 51.67% 53.33% 1.67% 
3 C16A28 46.67% 48.33% 1.67% 50.00% 48.33% -1.67% 
I 4 C16A30 51.67% 50.00% -1.67% 71.67% 73.33% 1.67% 
^ 5 C16A32 50.00% 53.33% 3.33% 46.67% 56.67% 10.00% 
§ 6 C16B10 46.67% 45.00% -1.67% 50.00% 53.33% 3.33% 
：^ 7 C16B14 51.67% 48.33% -3.33% 71.67% 70.00% -1.67% 
^ 8 C16B17 53.33% 46.67% -6.67% 53.33% 51.67% -1.67% 
U 9 C16C12 56.67% 63.33% 6.67% 80.00% 81.67% 1.67% 
」1_..?._16且7._.._i.L.冗么 5.00% 吵 懸 
Mean 50.33% 50.83% 0.50% 60.50% 61.17% 0.67% 
1 C26A05 66.67% 58.33% -8.33% 63.33% 63.33% 0.00% 
2 C26A10 50.00% 43.33% -6.67% 66.67% 66.67% 0.00% 
^ 3 C26A11 53.33% 51.67% -1.67% 53.33% 55.00% 1.67% 
g 4 C26A12 48.33% 48.33% 0.00% 48.33% 50.00% 1.67% 
•I 5 C26A17 68.33% 53.33% -15.00% 63.33% 61.67% -1.67% 
I 6 C26A21 56.67% 48.33% -8.33% 65.00% 75.00% 10.00% 
^ 7 C26A24 46.67% 50:00% 3.33% 41.67% 38.33% -3.33% 
§ 8 C26B22 50.00% 58.33% 8.33% 53.33% 51.67% -1.67% 
I 9 C26C07 56.67% 55.00% -1.67% 48.33% 46.67% -1.67% * 
Q 10 C26C08 50.00% 56.67% 6.67% 46.67% 50.00% 3.33% 
11 C26C10 41.67% 50.00% 8.33% 50.00% 46.67% -3.33% 
12 C26C27 48.33% 55.00% 6.67% 51.67% 53.33% 1.67% 
..i.3._.C26C3q_ _11,67% _ 51.67% 0.00% 
Mean 52.82% 51.54% -1.28% 54.10% 54.62% 0.51% 
Control 51.580/0 51.19% -0.39% 57.30% 57.89% 0.59% -
average: 
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